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PREFACE 

CBTBTALLoaRAPHr may be studied with two dis- 
tinct purpoaes in view. The end usually sought is 
the ability to describe crystals with such detailed 
accuracy that minor variations between them and 
other crystals may be detected and shown grt^^- 
cally or embodied in mathematical expresaons. 
This aspect of the subject belongs unquestionably 
in the realm of pure science. It involves the 
accurate measurement of ai^es with dehcate in- 
struments requiring ciu^ul manipulation, and the 
results secured are not sought with any idea that 
they may have practical value. 

Quite different is the other purpose to which 
reference has been made, since it is the attainment 
of the abihty to recognize crystal forms and espe- 
cially systems almost instantly with the use of few if 
any instruments, and those who seek this knowledge 
do so wholly because they expect to use it as a tool 
for identifying minerals. 

It is of the phase of the subject last mentioned 
that this book treats, and it is hoped that it will fill 
the needs of the growing group of educators who 
reaUze the great importance of teaching "sight 
recc^nition" of minerals to engineering students or 
otiiers who study mineralogy merely for its cultural 
value. In order to conserve the studente' time and 
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IV PREFACE 

energy, everything not germane to the end sought — 
the acquisition of information useful in the "sight 
recognition" of minerals — has been omitted, and 
no hesitation has been felt in departing from current 
usage when it seemed desirable in order to secure 
simplicity and clarity. 

The system followed is not an untried experiment, 
but was introduced many years ^o by Dr. H. B. 
Patton in the Colorado School of Mines where it 
has been taught with marked success, and from which 
it has been carried by graduates to a number of 
other institutions. This system includes the study 
of numerous wooden, cardboard, or piaster models 
of crystals, together with oral quizzes involving the 
instantaneous identification of the forms repre- 
sented on such models, and discussions of the theo- 
retical aspects of the subject. After models belong- 
ing to a certain system or group of systems have 
been studied and a sufficient knowledge of them 
revealed in the quiz the student takes up the deter- 
mination of natural crystals of the same degree of 
symmetry; and the study of crystal models and of 
corresponding natural crystals alternate throughout 
the course. If this plan is followed, it will be neces- 
sary for the student to familiarize himself with the 
matter presented in Chapt«r IX before attempting 
to work with natural crystals. 

The author desires to acknowledge his great 
indebtedness to Patton's "Lecture Notes on Crys- 
tallography," and, to a lesser extent, to Bayley's 
"Elementary Crystallography" for ideas and even 
definitions and descriptions embodied in this book. 
While most of the illustrations are ordinal, many are 
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copied without other acknowledgment than this 
from Bayley's " Elementary Crystallography," 
Dana's "System of Mineralogy," and Moses and 
Parsons' "Mineralogy, Crystallography, and Blow- 
pipe Analysis." 

G. MONTAGUE BUTLER 
TucBON, Abuoita, SeptetrAer 15, 1917. 
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CHAPTER I 
nrXBODTJCTOBr CONCEPTIONS 

A Hiiwrftl Dflfined. 

CA mineral is a aaturally occurring, homogeneous, 
inorgfuiic substaiice.~7 

Diamoads, white mica (muscovite), native gold, 
and flint are illustrations of minerals; while a silver 
coin, granite (consists essentially of two minerals, 
orthoclase and quartz, so is not homogeneous), coal 
(is organic material), and window glass are not 
minerals although they belong to the so-called 
"mineral world" as distinguished from the "animal 
and v^etable worlds." 

' Struetnr»j)f Hin«r»li. 

Molecules: Minerals, as well as all other sub- 
stances, are made up of extremely small particles 
caUed molecules which in any homogeneous sub- 
stance are all alike in composition, size, and weight, 
but which are unUke in the particulars mentioned in 
different substances. They are believed to be sepa- 
rated from one another to some extent even in the 
hardest and densest materials. There is a tendency 
» .......Cooslc 
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for-^fefi.'in^le^iile'it^ be belif pi position with respect 
to adjacent molecuTes' by 'fiertain forces of mutual 
attraction, against which is opposed a tendency for 
each molecule to move in a straight line. The 
relative strength of these two tendencies is beUeved 
to determine whether a substance is s gas, a liquid, 
or a solid. 

Amorphoua Structure Defined: (Asubstance is said 
to possess an amorphous structure or to be amor- 
phous when its constituent molecules are arranged 
according to no definite fashion or pattern^ Pre- 
sumably they he at unequal distances with respect 
to each other, and lines joining their centers do not 
meet in fixed angles. If a box of oranges be dumped 
helter-skelter into a basket and each orange be con- 
sidered analc^oua to an enormously magnified mole- 
cule, a good conception of the structure of an amor- 
phous substance can be obtained. 

Natural and artificial glasses are excellent illus- 
trations of amorphous materials, but not a few 
minerals also possess this structure. 

Crystalline Structure Defined:\A substance is said 
to possess a crystalline structure or to be crystalline 
when the constituent molecules are arranged in some 
definite fashion or patternj A box of oraoiges of 
equal size packed in even rows and layers is analo- 
gous to a crystalline substance in which each orange 
corresponds to a molecule, but it should not be 
understood that all crystalline materials have a 
structure resembling in detail the illustration just 
given. 

Crystalline substances, while they may resemble 
amorphous ones very closely, at least superficially, 
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1^1 usually be recognized by the presence of cleavage _J 

\see p. 142} or distinctive optical, electrical, thermal, 
or other physical properties which prove that in 
crystalline materials there are certain directions 
along which forces or agents act with quite different 

^ects from those produced in other directions. 

^Jus a sphere of glass (amorphous) when heated 
expands equally in all directions and remains per- 
fectly spherical; while a sphere of emejajd (crys-' 
talline) if similarly heated will be distorteAind will 
become elhpsoidal due to the fact that the coefficient 
of expansion in one direction differs from that in all 
others. 

The majority of minerals as well as many artificial 
substances have crystalline structures. 

A most useful characteristic of a crystalline sub- 
stance results from the fact that at the time of its 
formation it shows a more or less pronounced 
tendency to form a body bounded wholly or partially 
by plane surfaces or faces. Such a partial or com- 
plete polyhedron is called a crystal; and, if several 
such crystals develop in contact with or close proxim- 
ity to one another, a group of crystals results. 

While no simple definition distinguishing between 
single crystals and crystal groups can be offered, 
there should be little chance of a misconception 
arising through the use of the following definition. 

A Cryital Deflnod. 

(X crystal is a crystalline substance bounded 
wholly or partially by natural plane surfaces called 
faces ^ich have not been produced by external 
forcesj 
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From what has been said it must be evident that 
a crystal always has a crystalline structure, but it is 
equally imjKsrtant to remember that crystalline sub- 
stances do not by any means always occiu' in crys- 
tals. These are the exception rather than the rule, 
and develop only when conditions are favorable. 
When faces are tacking, other features (such as the 
presence of cleavage) or physical tests must be used 
to determine whether a substance is crystalline or 
amorphous, ^ 

Formation of Cryslala: 'Qiystals may form in two 
ways, namely, through deposition from solutions 
(including futons which are now recognized as fonns 
of solution) and from the sublimed (gaseous) condi- 
tion^ In either case, a solid molecule having formed, 
growth occurs through* the addition of myriads of 
other molecules which abound the first according 
to some definite geometric plan. If the resulting 
crystal is in suspension in a gas, vapor, or Uquid, it 
will be entirely bounded by crystal faces; otherwise, 
only those portions that are surrounded by the gas, 
vapor, or liquid will develop in tbi^manner outlined, 
v^ Crystals are often formed in the manufacture of 
artificial substances, and these are subject to the 
same laws that apply to mineral crystals. 

Cryatallogrftptir DtflsMl. 

^Crystallography is the science that deals with 

crystals. _J 

Three branches of this science are recognized. 
These are geometrical crystall<^aphy, physical 
crystallography, and chemical crystall<^raphy. The 
scope of each is su^ested by its name. The student 
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of determinative jiimeral<%y is most concerned with 
the first of these' branches, and this manual deals 
almost entirely with that phase of the science. 

The study of crystals has great practical value to 

a mineralogist ^ce it has been found that each 

crystalline mineral occurs in crystals whose shapes 

resemble each other very closely, and are, indeed, 

frequently almost Identical no matter where found. 

Further, it is true that crystals of different minerals 

are usually quite dissimilar, and it is often possible 

for one famiUar with crystallc^aphy to distinguish 

easily between two crystallized minerals which, 

except for the difference in their crystals, resemble 

■ each other very closely, Crystallc^raphic terms are 

also employed in describing futures used as criteria 

in determinative mineralogy? 

/ 

FUNDAMENTAL DEFINITIOHS 

Some of the definitions that follow apply only to 
geometrically perfect crystals or crystal models. In 
the cases of incomplete and distorted crystals (dis- 
cussed later) these conceptions will have to be 
modified as suogested in the concluding chapter. 

A Symmetry Plane Defined. 

A symmetry plane is any plane which divides an 
object in such a way that any line drawn perpen- 
dicular thereto, if extended in both directions, will 
strike the exterior of the object in similar points 
which are equidistant from i^te dividing plane. '^ 

Thus, in Fig. 1, AA' is a symmetry plane because 
a perpendicular drawn to it at any point, as at B, 
L.....,Goo;;lc 
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strikes the exterior at C and at C which are similar 
points equidistant from the plane. MM' is not a 
Bymmetry plane, however, since a perpendicular 
erected to it at ^ strikes the exterior at and 0' 
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which are neither similar points (one is at a comer 
and the other hes on an edge) nor are they equi- 
distant from the plane under consideration. It 
should be observed, however, that the perpendicular 
erected at B strikes the exterior at Z and Z' which 
are similar points and are equidistant from MM'. 
The definition states, however, that, in order that 
a given plane shall be a symmetry plane, the test 
given must be applicable to any ■perpendicular one 
chooses to select, and it has already beeD shown that 
it does not hold in the case of OC. 

The object used in the illustrations just given is a 
surface, but the same considerations apply to sym- 
metpr planes in soUds, 
' fSiother definition of a symmetry plane especially 
useful in the case of solids is the following: 

A symmetry plane is any plane so situated that, 
if it were a mirror, the reflection of the portion in 

L.....,Gooslc 
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front of the mirror woul d seem to coincide exactly 
with the part behin J. [ 

From what has beeFsaid it is easy to see that, 
while symmetry planes divide objects into halves 
identical in shape and size, the mere fact that an 
object is so divided does not prove that the dividing 
plane is a symmetry plane. In Fig. 1 plane MM' 
divides the object into equal halves, but is not a 
symmetry plane. 

As a corollary of the foregoing, it may be said 
that a symmetry plane is any plane that divides an 
object in such a way that every edge, comer, and 
face on one side of the plane is exactly balanced by 
identical edges, comers, and faces directly opposite 
on the other side of the plane. ^ 

All symmetry planes may be called either principal 
symmetry planes or secondary (sometimes called 
common) synunetry planes, as is explained later. 

A Symmebrr AzIb Defined. 

A symmetry axis is the line or direction perpen- 
dicular to a symmetry plane and passii^ through 
the center of the object. 

A Principal Sjnunetr; Hane Ddlned. 

A principal symmetry plane is a symmetry plane 
perpendicular to which Ue at least two interdiangeable 
symmetry planes (either principal or secondary). 

It should be remembered that there are three 
parts to this definition, and that any principal 
sydunetry plane must conform to all of them. 
lilrst, it must divide an object symmetrically — be 
a symmetry plane as already defined. Second, at 
L.....,Gooslc 
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least two other synunetry planes existing in the 
object must be perpendicular to the plane imder 
consideration (these need not be perpendicular to 
each other). Third, the two or more symmetry 
planes perpendicular to the one under consideration 
must be interchangeable. This third condition is 
the one most frequently misunderstood or over- 
looked by beginners. Attention should, then, be 
especially directed to the following paragraph. 

Iiitorcluui£«ttble Symmetiy PlaneB and Axes Defined. 
Two symmetry planes or axes are said to be inter- 
changeable when one plane or axis may be placed in 
the position of the other plane or axis without 
apparently altering the appearance or position of 
the object. 

A Principal Symmetrr AzIb Defined. 

A principal symmetry axis is a symmetry axis 
perpendicular to a principal symmetry plane. 

A SecondaiT (or Common) Symmettr Plane Defined. 
A secondary symmetry plane is any symmetry 
plane that does not possess the characteristics of a ■ 
principal symmetry plane as already defined. 

A Secondary Symmetiy AxIb Defined. 

A secondary symmetry axis is a symmetry axis 
perpendicular to a secondary symmetry plane. 

An InterfacUl Angle Defined. 

An interfacial angle is an angle formed at the 
intersection of two faces or the planes of two faces. 
It must be measured perpendicular to the edge 
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formed by the intersection of the two faces; or, if 
the faces do not intersect in an edge, the measure- 
ment must be made perpendicular to the imaginary 
line located at the intersection of the planes of the 
two faces. 

A Zone Defined. 

A zone is a group of faces in the form of a belt or 
band which extends around a crystal in such a way 
that the edges formed by the mutual intersections 
of the faces are all parallel. 

A Zonal AzIb Defined. 

A zonal axis is a line through the center of a 
crystal parallel to the faces of a zone. 

Replaced Edges and Comera Defined. 

A face is said to replace an edge when that face is 
substituted {6t, and lies parallel to, the edge, yet is 
not equally inclined to the two faces whose intei^ 
section would form that edge. 

Similarly, a face may be said to replace a comer 
formed by the intersection of three or more faces 
when it is substituted for that comer, but is not 
eqvaily inclined to at least one set of similar faces 
whose intersection would form that corner. 

Truncated Edges and Comers Defined. 

A face is said to truncate an edge when it is sub- 
stituted for that edge in such a way as to be parallel 
to it and to make equal angles with the faces whose 
intersection would form that ei^e. Fig. 2 shows a 
crystal with truncated edges. 

. L.....,Goo;;lc 
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Similarly, a face may be said to truncate a corner 
when it is substituted for that comer and makes 
equal anglea with all similar faces 
whose intersections would form 
that comer. Fig. 2 shows a crys- 
tal with truncated comers. 
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Boreled EdgM Deflnsd. Flo. 2. — Bexahe- 

Two faces are said to bevel an ^""^ (cube) with 
edge if they replace the edge in ^*" truncated by 
, ,. : 1 . tne dodecahedron, 

such a way that equal angles are sad comers tnmcated 
formed between each replacing by the octahedron, 
face and the adjacent faces 
whose Intersection would form 
the edge. Fig. 3 shows a 
with beveled edges. 
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A Crystftl S7Bt«in Defined. 

All those crystals which con- Fia. 3. — Hexabe- 
tain the same number and kind dron (cube) with 
of symmetry planes (together edges bevelled by the 

.,, ., J J v -V tetrahexahedron. 

with others produced by the 

suppression of certain faces in accordance with 
definite lan^, which may be regarded as modifi- 
cations of these) are said to belong to the same 
crystal system. 

Number and Hamei of the CrysUl SysteuB. 

Any crystal may be placed in one of six crystal 
systems. Of these there are 32 subdivisions or 
classes, but few or no minerals are known to occur 
in some of these, so familiarity with all of them ia 
unnecessary. 
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Any one crystalline mineral species always occiurs 
in crystals characterized by the presence of a definite 
niunber and kind of symmetry planes, which is 
equivalent to saying that its crystals always belong 
to a certain one of the subdivisions of the above- 
mentioned crystal systems. Crystals containing the 
same kind and number of symmetry planes are said 
to show the same degree of symmetry. 

' As it is absolutely necessary that tbe student should be 
able to recognize symmetry planes and to distinguish be- 
tween principal and secondary symmetry planes, it is desir- 
able that, before proceeding further, a number of crystal 
models should be separated, first into three groups each con- 
taining the same number of principal symmetry planea, and 
then into the ax crystal systems, to do which the number 
of secondary symmetry planes must also be considered. 
Wooden modds for this work are manufactured by Dr. F. 
Krantr, Bonn on Rhine, Germany, and sold at an average 
price of less than S0.50 each. 
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■ Dosigiutliig the Position of PUum in Spwx. 

The positioD of any plane may be defined by 
ascertaining its relation to three fixed lines or axes 
intersecting in a common point called the ori^n. 
This may be done by determining the distance and 
direction from the origin to the point at which the 
plane cuts each axis. As crystals are bounded by 
faces which are circumscribed portions of planes, 
the positions of such faces may be given by referring 
them to such a system of axes. 

Grystal Ax«s Dsflned. 

Crystal axes are fixed lines or directions to which 
crystal faces. are referred for the purpose of ascer- 
taining thdr mutual relationships. 

Y/ Gvneral Bule for CbooBlnc CiTstal Axm. 

Select the crystal axes so that they coincide where 
[Xissible with symmetry axes, giving the preference 
to principal ^mmetry axes; but when an insuffi- 
cient number of symmetry axes are present choose 
lines pcissing through the center of the crystal and 
parallel to prominent crystallographic directions, 
preferably edges. The crystal axes should intersect 
at as nearly right angles as possible in all systems 
but the hexagonal in which it is convenient to have 
the horizontal axes intersect at angles of 60° and 120°, 
instead of 90°. 

The Terms CrTstai and Symmetry Axei not ^nony- 
mom. 

Care should be exercised not to confuse the terms 
crystal axes and symmetry axes. While it is true 
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that these sometimes coincide, they do not by any 
means always do so. Some symmetry axes are 
never used as crystal axes; and many crystal axes 
are not symmetry axes at all. 

Designation and Uso of CiTstal Azu. 

It is customary to call the crystal axis extending 
from front to back the a axis, the one from right to 
left the b axis, and the vertical one the c axis. Inter- 
changeable ciystal axes are represented by the same 
letter, however. 

It will later be made plain that the faces on any 
crystal may be separated into groups each of which 
is characterized by the fact that its faces (or the 
planes of the faces) intersect all the crystal axes at 
distances from the origin which bear the same fixed 
ratios to each other. It has been observed that, in 
the case of any given mineral species, certain such 
groups are comparatively common while others are 
less common or rare. It is the usual presence of 
certain such groups of faces that causes the crystals 
of any given species to resemble each other very 
closely, and makes it possible to classify instantly 
many minerals occurring in crystals. 

GTOund-torm or Unit-ttmn Defined. 

The ground-form or unit-form of the crystals of 
any mineral species is the most commonly occurring 
group of faces that intersect all the crystal axes at 
finite distances from the origin which distances bear 
the same fixed ratios to each other. In the iso- 
metric sj'stem the octahedron (see p. 19) is called 
the ground-form. 

L,...X-ooyAc 
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Unit Axial Lengths Defined. 

The distances from the origm at which the faces 
(or faces extended) of the ground-form intersect the 
crystal axes are considered the unit axial lengths 
of those axes, provided that such a scale be used 
as will make the length of at least one of these 
axial lengths unity. This definition apphes to all 
systems but the isometric. In that system the 
unit axial length is the shortest one of the three 
distances measured from the origin to the points 
where a face (or the plane of a face) intersects the 
crystal axes. 

Practically, of course, any scale can be used in 
making the measurements mentioned in the last 
paragraph, since, for instance, if the distances 
measured in any scale on the o, ft, and c axes are, 
respectively, 1.817, 1.112, and 1.253, and it is 
desired to have the 6 axial length unity, this may be 
brought about without affecting the ratio between 
the expressions by dividing each of the three expres- 
sions by the value for h. If this is done, the results 
will be 1.634, 1.000, and 1.125 which are the imit 
axial lengths of the crystals of the mineral selected 
as an illustration (sylvanite). 

The letters a, ft, and c are used not only to desig- 
nate the crystal axes, but also to represent the imit 
axial lengths of these axes. 

The distances from the origin at which faces (or 
faces ext«nded) other than those belon^i^ to the 
ground-form cut the axes are expressed in terms of 
the unit axial lengths, as 4a, 2ft, and Ic. If it is 
desired to have unity for the coefficient of h, this 
may be secured by dividing each expression by the 
L.....,Gooslc 
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coefficient of b, which reduces the expressions ttf 2a, 
lb, and Jc. f 

& Paramstor Dsflnod. 

A parameter is the distance from the or^in to the 
jKsint where a face (or a face extended) cuts a crystal 
axis, measured in terms of the unit length of that 
axis. Thus, in the illustration given in the preced- 
ing paragraph, 2, 1, and ^ are the parameters of the 
face under consideration on the a, b, and c axis, 
respectively. It is customary to use m, n, and p aa 
general expressions for parameters. A face parallel 
to an axis will intersect that axis at infinity, and will 
have infinity (oo) for its parameter on that axis. 

The Law of BaUonaUtr of Parametors. 

Parameters are always rational, fractional or 
whole, small or infinite numbers. 

CiTStal T<am Defined. 

A crystal form is a group of faces with identical 
parameters all of which are necessary to complete 
the symmetry of the system. 

In explanation of this definition, it may be stated 
that in studying any system of crystals, if we assume 
the presence of a face or plane of given parameters, 
there must be present a definite number of other 
faces with identically the same parameters in order 
that the complete symmetry of the ^^stem may be 
shown. Such a group of faces is technically known 
as a crystal form. It will later be shown that there 
are seven distinctly different forms in each system 
and in each subdivision of a system. 

L.....,Goo;;lc 
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CttsUI Form and Slupe Diflwtntlstod. 

The studeot should be careful not to confuse the 
terms "form" and "shape" as applied to crystals. 
A crystal may have the general appearance of a 
cube, for instance, yet bear no faces with the param- 
eters characteristic of the crystal form known as 
the cube. It may still, with propriety, be said to 
have a cubical shape, although the crystal form 
known as the cube is not represented upon it. 

Symbol Doflned. 

A symbol in the Weiss system, of which a sUght 
modification is used in this book, is the product of 
the parameters of a face and the corresponding imit 
axial lengths, arranged in the form of a ratio, as 
na :b : mc. 

Since every face of any one form has the same 
parameters and unit axial lengths, it follows that the 
symbols of any face may be regarded as the symbol 
of the form of which that face is a part. 

Several other systems of symbols are in more or 
less widespread use, and are presented in the more 
extended textbooks on crystallography. Lists of 
such symbols without further explanation are 
in this book appended to the description of each 
crystal system. 

I Law of AxM. 

The opposite ends of crystal axes (aa well as of 
symmetry axes) must be cut by the same number of 
similar crystal faces similarly arranged. 

The importance of this law will be understood when 
the monodinic and triclinic systems are studied. 



FUNDAMENTAL DEFINITIONS 



Holohedral Forms: When a form has the full 
Bymmetry of the system to which it belongs (see 
p. 11) it ifi said to be holohedral. 

Hemihedral {half) Forms: A hemihedral fonn may 
be cODceived to be developed by dividing a holo- 
hedral fonn by means of a certain set or sets of 
symmetry planes into a number of parts, then 
suppressing all faces lying wholly within aUemate 
parts thus obtained, and extending all the remaining 
faces until they meet in edges or comers. 

Tetartokedral (quarter) Forms: Tetartohedral forms 
may be conceived to be developed from holohedral 
ones by the simultaneous apphcation of two different 
tj'pes of hemihedrism. These may be regarded as 
the half forms of half forms. 

Hsmlmorphlc Orritab Defined. * 

A hemimorphic crystal is one in which the law of 
axes is violated so far as one crystal axis is con- 
cerned; that is, the opposite ends of one crystal 
axis are not cut by the same number of sunilar faces 
similarly arranged. 

Comparatively few minerals occur as hemimorphic 
crystals. 
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CHAPTER II 
ISOBLETBIC 8V8TEM 
HOLOHEDBAL DIVI8IOH 



The bolohedral diviBion of the isometric syetem is 
characterized by the presence of tbree interchange- 
able principal symmetry planes and six interchange- 
able secondary symmetry planes. The former 
intersect at angles of 90°, and the latter at 60°, 90°, 
and 120° angles. The two classes of symmetry 
planes are so arranged that every 90° angle between 
principal symmetry planes is bisected by a secondary 
symmetry plane. 

TUe Selsctl<m, Position, and D«lgnfttion of the CiTBtal 
Ain. 

In accordance with the general rule (see p. 12), 
the crystal axes in the isometric system are chosen 
so as to coincide with the principal symmetry axes. 
There are, then, in the isometric system three inter- 
changeable crystal axes which are at right angles to 
each other. One is held vertically, and one so as to 
extend horizontally from right to left; the other 
must then extend horiaontally from front to back. 
Since all of these axes are mutually interchangeable, 
each is called an a axis. 
/"\VTien a crystal is so held that the crystal axes) 
/ extend in the proper direction as viewed by the 
\ observer it is said to be oriented. 1 
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Orisnting CiyataU. 

Holohedral isometric cryBtals are oriented by 
holding a principal symmetry plane so that it 'ex- 
tends vertically from front to back; then rotating 
the crystal around the principal symmetry axis 
perpendicular to this plane until another principal 
symmetry plane extends vertically from right to 
left, and a third such plane lies horizontally. The 
crystal axes will then extend in the proper directions. 
An Octant Defined. 

An octant in all systems but the hexagonal is one 
of the eight parte obtained by dividing a crystal by 
means of three planes each of which contains iwo 
crystal axes. ^ ^ 

Holohedna leometrle Torms Trinilat^ L- SA.IS.H 

The holohedral isometric forms, together with other 
data relating to each, are given in the following table ; 





Symbol. 


Nuns. 


Num- 
ber of 


ThWBI« 


aatkUke 




OctohxlnD (Fie. 4) 


8 


TwDsin 


TwoaMBcutM 
thaothn 


;:;: ™ 




24 


eutidike 


tba other 


:;r.™. 


(Fl<. 8) 


M 


Thr»u« 


DtunlilM 


:;::;". 




48 
24 



io gyawin, it is cmtomary to abbrovifllo ths «yni- 
Cting tbs letter a mod the ratio alcn u Imh lor 
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Flo. 4. — Octahedron. Fio. 5. — Trisootahedron. 




Fm. 6. — Dodectthedwm. Fig. 7. — Trapeiohedri; 



y 




Fio. 8.— Hesahedron (cube). Fia. 9. — Hesoctahedron. 




Fia. 10.— Tetrabexahedron. 



Octahedron — none. 

Trisoctahedron — trigonal triBOctahedron. 
Dodecahedron — rhombic dodecahedron. 
Trapezohedron — icositetrahedron or tetragonal 
trisoctahedron. 

- .......Goosic 
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Hexahedron — cube, 
Hexoctahedron — none. 
Tetrahexahedron — none. 

Mothod of Detormlning Holohedral Isometric Fomu 
by ths Uu of Symbols. 

After properly orienting the crystal in the manner 
ateady described select any face in the upper right 
octant facing the observer, and ascertain the relative 
distances from the origin at which its plane cuts the 
three crystal axes. This may be done mentally or 
by laying a card upon the face and using a pencil to 
represent each axis in tiun. If it appears that the 
three axes are cut equally, the symbol of the face 
(and of the form of which it is a part) is a : a : a^ 
By referring to the table given on p. 19, which 
should be memorized as soon as possible, it is seen 
that the form is the octahedron. Similarly, if 
the plane of the face cuts one axis comparatively 
near the center of the crystal, and the other two 
at greater, but equal, distances, the symbol is 
a iTna: ma, and the form represented is the trapezo- 
hedron. 

If more than one form is represented on the 
crystal (see p. 25), each may be determined in the 
same way. By using this method, it may be found 
that a crystal like Fig. 2 shows the hexahedron, 
dodecahedron, and octahedron; and, no matter how 
complex a crystal may be, the forms represented 
upon it may thus be readily ascertained. 

After the name of a form has been determined by 
the method suggested the result may be checked by 
noting whether the form in question has the requisite 
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number of faces. To determine the number of 
faces, it is only necessary to count those lying in one 
octant and to multiply this sum by eight. If it is 
found, for instance, that three half (IJ) faces lie 
within an octant, the form has ei^t times one-and- 
a-half, or twelve faces, and is a dodecahedron. 

^''<0iM6uggOBUoiu tor Attaining TmsOHj In the Recognition 
ot TanoB. 

While it is permissible and, in fact, almost neces- 
sary at first to use the symbols for the purpose of 
determining crystal forms, this method is too slow 
to be wholly satisfactory, and should quickly be 
displaced by the one outlined below, which has for 
its aim the instantaneous determination of forms 
throv^h familiarity with the position or slope of one 
or more of their faces. 

In order to use this method, orient the crystal, 
and study the face or faces of different shape or size 
in or near the upper right octant facing the observer. 
Then determine which of the following descriptions 
(which should be learned at once) apply to the face 
or faces seen. 

Ci^: A horizontal face on top of the crystal. 
The faces of the cube are parallel to the principal 
symmetry planes. 

Dodecahedron: A face parallel to the right and left 
axis and sloping down toward the observer at a steep 
angle — 45" from the horizontal. The dodecahedron 
has three faces lying in the octant with an edge 
running from above the center of the octant up to- 
ward the vertical axis, but these faces do not lie 
whdly within the octant. (Compare with the trie- 
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octahedron.) The faces of the dodecahedron are 
pandlel to the secondary symmetry planes. 

TetrahexahedTfm: A face parallel to the right and 
left axis and sloping down toward the observer at 
a relatively gentle angle — less than 45" from the 
horizontal. The tetrahexahedron has six faces lying 
in the octant, but they do not lie wholly vntkin the 
octant. (Compare with the hexoctahedron.) 

Octahedron: A single face in the center of the 
octant, sloping steeply down from the vertical axis — 
at an angle of 54|° with the horizontal. 

Trapezohedron: Three faces lying wholly within 
the octant and so arranged that a face slopes atx>ve 
the center of the octant up toward the vertical axis 
at an ai^Ie less steep than that shown by the octa- 
hedron. It is often useful to remember, further, 
that two faces formii^ part of the same trapezo- 
hedron may intersect below the center of the octant in 
an edge that points directly toward the vertical axis. 

The trapezohedron is most apt to be confused 
with the trisoctahedron, described below, and the 
two descriptions should be carefully compared. 

TriaoctahedTon: Three faces lying wholly within 
the octant and so arranged that in the unmodified 
form an edge slopes above the center of the octant up 
toward the vertical axis. Even when so modified 
that the edge is lacking. It is easy to see that two 
faces extended would intersect in such an edge. 

Hexoctakedron: Six faces lying wholly within the 
octant. As with the trisoctahedron and dodeca- 
hedron, there is, on the unmodified form, an edge 
running above the center of the octant up toward 
the vertical axis. 

L.....,Gooslc 
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fixed and Variable Torms Defined. 

A Fixed Form: A fixed form is one that has no 
variable parameter (m, n, or p) in ite general symbol. 
The octahedron, dodecahedron, and cube are fixed 
holohedral isometric forms. 

The fixed forms never vary in the slightest degree 
in appearance, and their interfacial angles are fixed 
quantities. 

A Variable Form: A variable form is one that has 
one or more variable parameters {m, n, or p) in its 
general symbol. That is, the symbol contains one 
or more parameters to v/idch various values, such 
as 2, 2i, 3, etc., may be assigned without affecting 
the naming of the form. The trisoctahedron, trape- 
zohedron, hexoctahedron, and tetrahexahedron are 
variable, holohedral isometric forms. 

Two or more variable forms of the same name may 
differ considerably in shape if the values of the vari- 
able parameters in their 
symbols are materially 
different. For instance, 
Fig. 1 1 shows two trape- 
zohedrons that do not 
resemble each other very Fia, 11.— Trapesohedrons 
closely. This is because with ^mbola (onlett) a:2a: 
,. I. 1 / ii 2a end (on right) a :3a -.3a. 

the symbol of the one 

to the left is a :2a :2a, while that of the one to 
the right is o : 3a : 3a. 

Interfacial Angles of the Vlxed Forms. 

Octahedron, 109" 28J' (usually given as lOQJ"). 
Dodecahedron, 60°, 90°, and 120°. 
Cube, 90". 
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"Die interfacial angles of the fixed forms are often 
called the fixed angles of a system. 

Combination of Fomu. 

It will be found that, while some crystals are 
bounded by a single crystal form, the majority 
exhibit more than one such form. When this is the 
case the shapes of the faces shown in Figs. 4 to 10, 
inclusive, may be decidedly chained, but their 
symbols will remain unaltered. 

Determination of tiie Number of Fonau on a CiTstaL 

On a perfectly developed crystal there are as 
many forms as there are differently shaped and 
dimensioned faces. This is equivalent to saying 
that, whether unmodified or modified by the pres- 
ence of other forms, all the faces of a given crystal 
form on a crystal are of identically the same shape 
and size. 

BepeUtion of Tonxa aa a Ciystal. 

Each of the fixed forms can occur but once on a 
crystal. 

Each of the variable forms may occur an indefinite 
number of times on a crystal. Theoretically, one 
might say an infinite rather than an indefinite 
number of times, but, practically, the number of 
times a variable form is repeated on a crystal is 
usually small. 

In order that a given variable form may occur 
more than once on a crystal, it is, of course, necessary 
that the symbols of the various forms of the same 
name differ as regards the values of the variable 
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parameter or parameters. Thus, the trapezohedron 
a :2a :2a can occur but once on a crystal, but it 
may be combined with the a : 1^ a : 1^ a trapezo- 
hedron, the a :Sa :3a trapezohedron, etc. 

Holohedral isometric models ahowing repeated 
forms are difficult to obtain. 



K" 



iodlficatlon of Hzed fomu. 

It will be found useful to memorize the names of 
the forms which truncate and bevel the edges, and 
truncate the comers, of each of the fixed forms, as 
set forth in the following table: 



For™ modi- 


™Jd^'' 


FociQ bevaling 




Cube 






cub« 

mibe uid octabcdnn 



The Triangle ol romu. 

It will be found advantageous to arrange the 
crystal forms around a triangle as shown in Fig. 12. 
The fixed forms are at the comers of this triangle, 
while the variable ones completely fill its sides and 
center. Theoretically there is an infinite number 
of trisoctahedrons along the left-hand side, each of 
which differs from the others as regards the magni- 
tude of the variable parameter. Similarly the other 
sides of the triangle are filled with infinite numbers of 
trapezohedrons and tetrahexahedrons, while the in- 
terior of the figure should be conceived as completely 
filled with an infinite quantity of hexoctahedrons. 
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UtillBatloii of the Triangle of Torms, 

The triangle may be used to identify small, obscm'e 
forma replacing or truncating the edges between 
larger and more easily recognized ones, since a form 
lying in a straight line between two other forms on 






FiQ. 12. — "Triangle otFonna." 

the triangle will replace or truncate the edge between 
those same forms on a crystal. For instance, sup- 
pose a snail face replaces the edge between a do- 
decahedron and a cube. Reference to the triangle 
shows that the only form lying in a straight line 
between the dodecahedron and the cube is a tetra- 
hexahedron. The tetrahexahedron must then be 
the form whose name is sought. From what was 
Baid in the preceding paragraph, it must be evident 
that an indefinite number (theoretically infinite) of 
tetrahexahedrona may replace the edge between 
a cube and dodecahedron.' Similarly, it may be 

L...;,Goosic-- ■ 



28 ISOMETRIC SYSTEM 

ascertained that nothing but bexoctahedroos can 
replace the edge between a trapezobedron and a 
dodecahedron, or between an octahedron and a 
tetrahexahedron; while the only form that can 
replace the edge between two trisoctabedrons ia 
another trisoctahedron. 

Ti1n **^"f r Vomu Deflnod. 

Limiting forms are those forms whicb a variable 
form approaches in appearance ("shape") as the 
variable parameter (or parameters) in its symbol 
approaches either unity or infinity. Thus, a trape- 
zohedron (a -.ma : ma) approaches an octahedron 
(o : o : o) in symbol and in shape as m approaches 
unity, and a cube (o : ooa : ooo) as m approaches 
00 . The octahedron and cube are, then, said to be 
limiting forms of the trapezohedron. 

Where a variable form is situated on one side of 
the triangle of forms, the two forms at the extremity 
of that ^de are its limiting forms. The hexocta- 
bedron, in the interior of the triangle, has all the 
other six forms as its limiting forms. 




Fig. 13. — HolohedrBl iBometric crystals. 
A: Octahedron (o), trapesohedron (m), trieoctahedroD (p), 
and hexoctahedron (x). 
B: Cube (a), and two tetrahexahedrona (A and k). 
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TETRAHED&AL (INCLENXD) HEMIHEDBAL 
DIVISION 

DoTslopmont or Derlvatloii of ttao Forms. 

Tetrahedral hemihedral iaometric forms may be 
conceived to be developed by dividing each holo- 
hedral fonu by means of the three principal symmetry 
planes into eight parts (octants), then suppressing 
all faces lying wholly within alternate parts thus 
obtained, and extending all the remaining faces until 
they meet in e<^es -or comers. 

Symnutzyi 

Tetrahedral hemihedral forms possess only the ax 
secondary symmetry planes characteristic of the 
isometric system, since the method of development 
outlined necessarily destroys the principal symmetry 
planes. 

In general, it may be said that the j^nea used for 
dividing holohedrai forms in the devdopment of hemi- 
hedral or lelartohedral forms are always destroyed. 



Soloction, Fogltion, and Dmlgnatlon of the Ctratal 
Azu. 

QTie three directions used as crystal axes in the 
holohedrai division are still utilized for th^^^me 
purpose in the tetrahedral hemihedral divisio^^ In 
other words, three interchangeable directions at 
right angles to each other are used, one of which is 
held vertically, another extending horizontally from 
right to left, and the third extending horizontally 
from front to back. These are, however, no longer 
L.....,Gooslc 
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symmetry axes, as they were in the holohedral divi- 
sion. Each is called an a axis, as in the holohedral 
division. 



Qj^ 



Orientinc Crystals. 

Tetrahedral hemihedral crystals are oriented by 
holding a gymmetry plane (secondary) so that it ex- 
tends vertically from front to back, then rotating 
the crystal around the symmetry axis perpendicular 
to this plane until a second symmetry plane extends 
vertically from right to left, and, finally, rotating 
the crystal around a vertical axis 45" either to the 
r^t or left. When this has been done the sym- 
metry planes will occupy their proper positions, and 
the crystal axes will extend in the proper directions. 



/ i Tetrabadnd Hsmibedral Isomstile Formi Tabulated. 



K... 


Symbol. 


Num. 
bar of 

IM<eB. 


"-"dSW" 


me-m f 

± T«tp»«on»l tri«l«nib«iron » 


* 2 


4 
U 

U 




H«=l»droB(«ub«)(Ri.S) 




i 




3 
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FiQ. 14. — Positive (on left) and negative (on right) tetra- 
hedrons containing the forms from which they are derived. 
The Buppressed faces are shaded. 



Fia. 15. — Positive (on left) and negative (on right) trigonal 
tristetrahedrons containing the fonns from which they are 
derived. The suppressed faces are shaded. 




FiQ. 16. — Positive (on left) and negative (on right) tetrago- 
nal tristetrahedrons containing the forme from which thejr 
are derived. Hie suppressed faces are shaded. 




FiQ. 17. — PoBitive (on left) and negative (on right) heztet- 
rahedrons containing the forms from which they are derived. 
The supiwessed faccfl are shaded. 
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Tetrahedron — none. 

Trigonal trietetrahedron — tristetrahedron or hemi- 

tetragonal trisoctahedron. 
Tetragonal tristetrahedron — deltoid dodecahedron 

or hemi trigonal trisoctahedron. 
Hextetrahedron — hemihexoctahedron. 

STinboli of Hemlhedral romu. 

The symbol of a hemihedral fotm is the same as 
that of the hotohedral form from which it is derived 
excepting that it is written as a fraction with the 
figure 2 as the denominator. This does not mean 
that, in the case of hemihedral forma, the axes are 
intersected at half the holohedral axial lengths, but 
it is merely a conventional method of indicating that 
the symbol is that of a half (hemihedral) form. The 
symbol ' ' ■ is read a, a, a over 2. 

Pogitive (+) and Hogatlvo (~) Fothu DlBtingulshod. 
AH those forms produced by the suppression of 
faces lying within the same set of alternating octants 
are said to be of the same sign (+ or — ). It is 
customary to consider those forms with faces largely 
or entirely included within the upper right octant 
facii^ the observer as +, while those with faces in 
the upper left octant are — . In reality, a + tetra- 
hedron differs in no way from a — tetrahedron 
excepting in position; and a tetrahedron may be 
held in either the + or — position at will. It is 
customary to hold a crystal in such a way aa to bring 
the larger and more prominent faces principally or 
L.....,Gooslc 
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entirely into the upper right octant facing the 
observer, which will make these forma + ones. 

If the sign of a form is not specifically stated to be 
~, it ia always assumed that the form is +. 

The forms on a crystal may be all of the same sign, 
or + and — forms may be combined. 

If a + and a — form of the same name and with 
identical parameters are equally developed, the 
combination will have the exact external shape of a 
holohedral form. Thus, a + and a — tetrahedron 
equally developed will yield an octahedron. On 
natural crystals equally developed + and — forms 
often differ in that the faces of one may be brilliant, 
and the other dull; or one may be striated, and the 
other unstriated (see p. 138); or one may striate 
another form (see p. 139), and the other fail to do so. 

Method of Determining Tetrahedral Hemihednd Ito- 

metrio Fomu by the Use of Symboli. 

After properly orienting the crystal in the manner 

already described the cube, dodecahedron, and tet- 

rahexahedron may be identified easily by applying 

the rules already given for the determination of 

holohedral forms of the same name. The other four 

forms may be recognized by detennining the symbol 

of any face in the mamier described in the discussion 

of holohedral forms, dividing this symbol by 2, and 

then ascertaining from the table the name of the 

n form possessing this symbol. 

yO^tilJSMtdoiu for Attaining FaciUt? in the Recognition 
of the Fomu. 
Orient the crystal and determine which of the 
following descriptions (which should be learned at 



34 ISOMETRIC SYSTEM 

once) apply to the face or faces of different shape or 
Bize Been. Call the forms + or — accordiiig to the 
rules already set forth. It is assumed that the 
student Ib already familiar with the rules for recog- 
nizing tliose forms identical in shape with the holo- 
hedral ones (see p. 22). 

Tetrahedron: A single face in the center of the 
octant, sloping steeply down from the vertical aJde 
— at an angle of 545° with the horizontal. 

Trigonal Tristelrahedron: Three faces in an octant 
(although not necessarily wholly included within the 
same), so arranged that a face slopes above the 
center of the octant up towards the vertic^ axis 
at an angle less steep than is shown by the tetra- 
hedron. 

Tetragonal Tristetrahedron: Three faces lying in an 
octant (although not necessarily wholly included 
therein), so arrai^ed that in the unmodified form an 
edge slopes above the center of the octant up toward 
the vertical axis. Even when so modified that the 
edge is lacking, it is easy to see that two faces 
extended would intersect in such an edge. No faces 
of this form are parallel to any crystal axis or to each 
other. This will serve to distinguish this form from 
the one with which it is most easily confused, namely, 
the dodecahedron, the faces of which are arranged 
in parallel pairs. 

Hextetrahedron: Six faces lying in an octant (al- 
though not necessarily wholly included therein), 
with no faces parallel to a crystal axis or to each 
other. The latter portion of this statement will 
serve to distinguish the form from the tetrahexa- 
hedron with which it may be moat easily confused. 
L.....,Cooslc 
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DiitincUDn Batwoen Hemlhedral and Htdolwdnl Foruu 
of EzMtlj tba Same Shapes. 
The three forms last named in the table of tetra- 
hedral hemihedral forms may differ in no way what- 
ever from the corresponding holohedral forms so far 
as external shapes are concerned; and a model of a 
cube, for instance, may with equal propriety be con- 
sidered either a holohedral or a hemihedral cube. 
On natural crystals, however, hemihedral cubes, 
dodecahedrons, and tetrahexahedrons differ in 
molecular structure and resulting physical proper- 
ties from the holohedral forms of the same name. 
Holohedral and hemihedral forms of the same name 
may often be readily distinguished if striated by 
other forms (see p. 139). 

Buaon Wta; Some Developed or Derived Forma do not 
Differ In Shape from tbe T<xmE from which Th«7 
Were Derived. 

In general, it is true that a derived form is identical 
in shape with the form from which it was developed 
when no faces of the latter he wholly within the parts 
obtained by dividing the form in the manner specified 
in the rule for developing the derived form. 

In the tetrahedral division of the isometric system 
the three forms which fail to develop into others 
differing from the holohedral forms in shape are all 
characterized by the fact that they have infinity 
in their symbol. This indicates that each face is 
parallel to one or two of the axes, and must, there- 
fore, lie in two adjacent octants. Since no face Ues 
wholly within an octant, none can be suppressed in 
accordance with the rule given. 
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Lftw OoTvinlng Combination of Fonni. 

All the forms on any one crystal must possess the 
same degree of symmetry as r^ards their molecular 
structure. 

The law just given is equivalent to the statement 
that it is impossible to have holohedral and hemi- 
hedral, or holohedral and tetartohedral fonns on the 
same crystal; and that it is equally impossible for 
forms belonging to different hemihedrat or tetarto- 
hedral divisions to occur together. 

It has already been explained that some forms 
really hemihedral so far as their internal structure 
is concerned may be identical with holohedral forms 
in external appearanc*. These may, of course, be 
combined with the other hemihedral forms peculiar 
to the same division of the system. The same state- 
ment applies to hemihedral forms which are identical 
in appearance with hemihedral forms belonging to 
other divisions; and to tetartohedral forms identical 
in shape with those in other tetartohedral divisions 
or with hemihedral or holohedral forms. 



HodiflcatiDii of Hzed Formi. 



Form modified. ^<™,^'^ 


edca. 




+Tet™bedn)n... 
-Telmhedron... 


cube 
ouba 

±lrigoa»l trieMlra- 
hedron 


+trigonfll tris 

-trigonJ trialet- 
nbedron 






CUb« BDd ±tei- 
mbednm 
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HlBcelluieous. 

All that was said in the discussion of the holohedral 
division concerning fixed and variable forms, inter- 
facial angles of the fixed forms, combination of 
forme, determination of the number of forma, repe- 
tition of forms on a crystal, the triangle of forms, and 
limiting forms applies with equal truth to all hemi- 
hedral and tetartohedral divisions, excepting that 
the names of the derived forms must be substituted 
in these statements for those from which they were 
derived. 




Flo. 18, — Tetrahedral hemihedral isometrio crystals. 

A: Ci^e (a), dodecahedron (d), -\- and — tetrahedron (o 
and Oi), + hextetrahedioD (t>), and — trigonal tristetiahe- 
dron (bi). 

B: + tetrahedron (o), + and — tr^^onal tristetiahedron 
(n and m), and dodecahedron (d). 



PENTAOONAL (PABALUL) 
DIVISION 

DsTdopmont or DoriratJon of the Forms. 

Pentagonal hemihedral isometric forms may be 
conceived to be developed by dividing each of the 
holohedral forms by means of the six secondary sym- 
metry planes into twenty-four parts, then suppress- 
ing all faces lying wholly within alternate parts thus 
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obtained, and extending the remaining faces until 
they meet in edges or comers. 



Pentagonal hemihedral forms possess only tiie 
three principal symmetry planes characteristic of 
the isometric system. 

SalecUon, Position, and Dotignatlon at ttw CiTBtal 
Ax«a. 

The three directions used as crystal axes in the 
bolohedral and tetrahedral hemihedral divisions are 
still utilized for the same purpose in the pentagonal 
hemihedral division. In other words, three inter- 
changeable directions at right angles to each other 
are used, one of which is held vertically, another 
extending horizontally from right to left, and the 
other horizontally from front to back. These coin- 
cide in position with the principal symmetry axes, 
and each is called an a axis, as in the bolohedral' 
division. 

Oiisntlnc Gryitals. 

Pentagonal hemihedral crystals are oriented in 
exactly the same way as bolohedral ones (see p. 19). 





Fio. 19. — Pentagonal Fiq. 20. — Diploid oon- 

dodecahedron coattumug the huniDg the form from whicli 

form from which it is derived, it is derived. The euppressed 

The suppreesed faces aie faces are shaded. 
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Pantagonal Homlhednl Iiomstiic Formi Tabulalwd. 



Nime. 


Bymbol. 


Number 


Form tram ohinh 




• :fiu:»a 


13 

24 

24 






I 








2 

' '2 
2 


Trapewhedron (Fw-. 7) 


^M^ 


a:mfl:»w 


.,.,« 



Synonjmu for tho Names of the PeBtagoiiAl Hemibe- 
drel leometiic Forms. 
Pentagonal dodecahedron — pyritohedron. 
Diploid — didodecahedroQ. 

Method of Determining Pentagonal Hemibedral Iso- 
metric Forms by the Use of Symbols. 
After properly orienting the crystal in the manner 
already described the octahedron, dodecahedron, 
cube, trapezohedron, and trisoctahedron may be 
identified easily by applying the rules already given 
for the determination of holohedral forms of the 
same name. The other two forms may be recog- 
nized by determining the symbols of any face in the 
manner described in the discussion of the holohedral 
forma, dividing this symbol by 2, and then ascertain- 
ing from the table the name of the form possessing 
this symbol. 



-Cc 



■Slc 
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SugrMtions tor Attaining Faclli^ In the Determliifr- 
tlon of tbo Fomu. 

Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. It is unnecessary to distinguish between 
positive and negative forms in this division. It is 
assumed that the student is abeady famiUar wit# 
the rules for recognizing those forms identical in 
shape with the holohedral ones (see p. 22). 

Pentagonal dodecahedron: A face parallel to the 
right and left axis, and sloping down toward the 
observer at a relatively gentle angle — less tlian 45° 
from the horizontal. The angle which this face 
makes with a horizontal plane is all that distinguishes 
it from the face of a dodecahedron with which it 
may most easily be confused. 

If aft«r orienting a crystal a prominent face is 
found sloping steej^y down toward the observer -'— 
over 45° from the horizontal, rotate the crystal 90° 
to right or left around the vertical axis before apply- 
ing the rule just given. 

Dij^md: Three faces lying wholly within the 
octant, so arranged that none of the edges formed 
by the intersection of the faces in the unmodified 
form point directly toward the vertical axis. This 
applies either to edges below or above the center of 
the octant. It is uaefid to remember, further, that 
edges formed by the intersection of a diploid face 
with an octahedron face, either below or above the 
center of the octant, are never horizontal; while a 
trapezohedron face does intersect an octahedron 
above the center on the octant in a horizontal edge; 
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and a trisoctahedron face mtersectB an octahedron 
face below the center of the octant in a horizontal 
edge. It should be noted further that trapezohedron 
faces intersect cube faces in edges which make rights 
angles with each other, while similar edges formed 
by the intersection of diploid and cube faces are 
never at right-ai^es. These statements should 
l^erre to distu^uish the diploid from either the 
trapezohedron or trisoctahedron with which it is 
most easUy confused. 




Fie. 21. — Pent^onal hraaihedral iscnnetric cryetala. 
A: Cube (a), pentagonal dodecahedron (e), and diploid («). 
B: Cube (a), octahedron (o), and pent^^nal dodecahedton 

ApidicaUon to Uw Law Qorwning Combination of 
Fomu. 

The law already stated (see p. 36) governing the 
combination of forms should not be forgotten when 
naming the forms on a pent^onal hemihedral 
crystal. One of the conmionest mistakes made in 
determining crystal forms is to mention two or more 
forms which cannot possibly occur together on a 
crystal, as, for instance, a tetrahexahedron and a 
pentagonal dodecahedron. Any form in the pentag- 
onal hemihedral division may be combined with 

L,_...,Goo;;lc ■ 
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any other form in the aame division, but no fonn in 
the pent^onal hemihedral division may be com- 
bined with any fonn in the tetrahedral hemihedral 
or holohedral divisions imless that form occm^ also 
in those divisions. The student is very apt to make 
the mistake mentioned unless he can reproduce easily 
from memory the following table: 



-•ssf- 




'^TSSSffiCSf- 


Oe(sh«ln>D 

Cuba 


oube 


UploU 

cubo 



It will be noted from the above table that the cube 
and dodecahedron occur in all three of the divisions 
aheady discussed, and may, therefore, be combined 
with any other forms in these divisions. 

Further, it will be seen that the octahedron, 
trapezohedron, trisoctahedron, and tetrahexahedron 
occur unchanged in name or shape in two of the 
divisions; while the hexoctahedron occurs only as 
a holohedral form. 



GYBOIDAL HEMIHEDBAL DITI8IOH 

OynHdal hemihedral ieometric forma may be conceived 
to be developed by dividing each holohedral form by both 
the three principal and the six secondary symmetry planes into 
forty-eight parte, then aupfoesBing all taoee lying wholly within 
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alternate parte thus obtained, and extending alt the remain- 
ing facea until they meet in edgee or comers. 

Aa the hexoctahedron ie the only ieometric form with 
forty-eight facee, it ia evident that a hezoctahedron face is 
the only one that can lie wholly 
within one of the parte obtained by 
dividing an isometric cryetal in the 
manner just specified. The hez- 
octahedron ie, then, the only iso- 
metric form from which a gyroidal 
hemihedral form differing ftom the „ „ _ . , 

holohecW on. in .tape »d nam. . ^t r^ '^T'^ 
.,.,_,. , . icoeitetrahedroncontain- 

can be derived. Thie new form la . ., , , , . , 

„ J ., , 1 ■ ■■ ■ u mg the form from which 

called the pentwinal looaitetrahe- ^ ■ ■ ■ . m. 
J rwx ™\ %!.■ c , it IB denved. The sup- 

dron (Fig. 22). This form may be , , . , j 

-.,.,. 1 ,, L J J u 1 pressed facea are shaded, 

either nght- or left-handed, but 

gyroidal hemihedral forma are ao rare and uoimportant that 
further discusaion of them aeema unnecessary. 



FENTAOONAL TITAKTOHEDRAL DIVISION 

Pentagonal tetartobedral isometrio forma may be con- 
ceived to be developed by the aimultaneoua application of 
any two hemihedriamB, according to 
the principles outlined in the diacus- 
uon of the trapeaohedral tetartobe- 
dral hexagonal division (see p. 72). 

The only holohedral form which 
yielda a tetartobedral form of differ^ 
ent ahape and name is the hexocta- . . > , 

hedron, and the form derived from containing the toim 
it is called a tetartobedral pen- ft™m which it is denved. 
tagonal dodecahedron, tetarto hex- ^^^^"^^ ^*^'"* 
octahedron, or tetartoid (Fig. 23). "'*™**' 
Both + and — , right- and left-banded tetart<nds are distin- 
guishable, but tetartobedral isometric crystala are so rare 
that further discussion of them seems unnecessary. 




-Tetartoid 
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Tabia ot laomstric STinboU UB«d by Various AuUtori- 
ti«a. 





w«». 


»— ■ 


Dui>. 


Uilln. 


Ocl«l»d™. 




mO 

»o 

nOn 
coOoo 

mOn 
•sOh 


t-t 


(Ill) 

(UO 

(110) 

am 

(100) 
(UO) 




~ 


z 



Wdsa, Naumann, &nd D&na divide the holohedial ^m- 
bola by 2 and by 4 when refeirii^ to hemihedral and tetar- 
tohedial forms, respectively. Miller prefixes various Greek 
tetters when forming the symbols of hemihedral and tetar- 
tohedral forma. 
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CHAPTER III 
HEXAGONAL SYSTEM 

HOLOHBDRAL DIVISION 

SyinmetzT. 

The holohednil division of the hexagonal Byatem 
is characterized by the presence of one principal and 
six secondary symmetry planes which he at right 
angles to the principal symmetry plane. The 
Becondary symmetry planes are arranged in two 
groups each of which contains three planes. The 
planes of each group intersect each other at angles 
of 90° and 120°, and are interchangeable; while the 
planes of one group are non-interchangeable with 
those of the other group which they intersect at 
angles of 30°, 90°, or 150". 

SeloetioD, PoBitloti, and Dssigzuitlon of tba Crystal 
Asm. 

The principal symmetry axis is chosen as one of 
the crystal axes, is held vertically, and is called the 
c axis. Three other crystal axes are so selected as 
to coincide with either group of interchangeable 
secondary symmetry axes. One is held horizontally 
from right to left. The other two will, then, be 
horizontal, but will make an^es of 60° with each 
other as well as with the right and left axis (see 
Fig. 24). Since all three horizontal axes are inter- 
changeable, they are all called a axes. None of the 
- 45 
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horizontal axes is interchangeable vitii the vertical 
axis. 

This is the only system in which more than three 
crystal axes are used. While it would be possible 
to determine the holohedral forms by the use of three 




Fl<3. 24. — Crystal aicea of the hexagonal Bystan. 

non-interchangeable axes intersectii^ at r^t angles, 
as in the orthorhombic system (see p. 103), this 
would make it necessary to attach different names 
to faces identically of the same shape and size, and 
would in no way suggest the six- or three-fold arrange- 
ment of faces which distinguishes this system. It 
would further necessitate the devising of new niles 
for developing hemihedral and tetartohedral foFms; 
and would lead to so many difficulties that it is far 
simpler to use the three interchangeable horizontal 
axes than two non-interchangeable ones. 
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Otlmitiiic CryiteU. 

Holohedral hexagonal forms are oriented by hold- 
ing the principal symmetry plane horizontally, and 
either set of interchangeable secondary symmetry 
planes in such a way that one of the planes will 
extend vertically from right to left. The crystal axes 
v/ill then extend in the proper directions. 

The Law of Bfttl(HuU^ or IiratloiuUtT of Batiot Be- 
tTMn Unit AxUl LnifftbB. 

The ratio between two unit axial lengths on non- 
interchangeable axes is always an irrational quantity; 
while the ratio between the unit axial lengths on 
interchangeable axes is not only a rationed quantity^ 
but equals unity. 

The law just stated, which applies to all systems, 
indicates that in the hexagonal system a : c is always 
an irrational quantity. If a be taken as tinity, 
which is always done, c may be greater or less than 
unity, but is always an irrational quantity, and is 
usually given to four decimal places. As an illustra- 
tion, consider the hexagonal mineral beryl, of which 
emerald is a variety. The ground-form of this min- 
eral cuts two of the horizontal and the vertical axes 
at such distances from the origin as will make the 
ratio between a and c as 1 is to 0.49S9 (nearly). The 
unit axial distances of this mineral are, then, a = 1 
and c = 0.4989 (nearly). The value of e differs more 
or less for all hexagonal minerals. It is, then, a dis- 
tii^uishing characteristic of each hexagonal mineral. 

Since m and n are always rational quantities (see 
p. IS), it follows that na : e and a : mc are irrational 
quantities; while a : na is a rational quantity. 
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In all Bystema but tlie isometric m may be less than 
tmity; and it is customary to apply this parameter 
(m) to the unit axial length of the vertical axis, n 
must be greater than unity in the hexagonal and iso- 
metric systems only. 

Firtt Order Position Defined. 

Forms with faces whose planes cut two horizontal 
axes equally (at equal finite distances from the 
origin), and are parallel to the third horizontal axis, 
are said to be in the first order p(»ition. 

Second Order Foritlon Defined. 

Forms with faces whose planes cut two of the 
horizontal axes equaUy and the third horizontal axis 
at a distance from the origin which is half that cut 
off on the other two horizontal axes are said to be in 
the second order position. 

Tblrd Order Position Ddned. 

Forms with faces whose planes cut all three 
horizontal axes unequally are said to be in the third 
order position. 

Holohsdral Hezftconal Forma Tabulated. 



Nune. 


Symbol. 


5zir 
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Fia. 25. — l8t order i^ramid. Fia. 26. — 1st order prism. 




Fig. 27. — 2nd order pymnid. Fia. 28. — 2Bd csder prian 



Fio. 29. — IMhexagonal Fia. 30. — Diheit^onal 

pyTEunid. priam. 






FlG. 31. — Basal pinaooid. 

c,_..., Google 
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Synonrms tor tlM HatnM of the Holdhednl 
Forms. 
1st order pyramid — 1st order bipyramid, or unit 

pyramid. 
Iflt order prism — miit prism. 
2nd order pyramid — 2nd order bipyramid. 
2nd order prism — none. 
Dihexagonal pyramid — dihexa^nal bipyramid, 
Dibexagonal prism — none. 
Basal-pinacoid — basal plane. 

Method of ntJtTwJTiiny Holobodral Hozafonal Forms 
by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described select any face and ascertain the 
relative distances at which its plane intersecte the 
four crystal axes,\remembering that no face or faces 
extended can cut the vertical axis at the same 
distance from the origin as it cuts any of the hori- 
zontal axesj Ifj for instance, it appears that the 
plane of the face selected intersects all four of the 
axes, but that the three horizontal axes are all cut 
at unequal distances from the origin, the symbol of 
that face (and of the form of which it is a part) is 
na : a :pa : mc. By referring to the table of holo- 
hedral hex^onal forms (which should be memorized 
as soon as possible) it ia seen that the form is the 
dibexagonal pyramid. If more than one form is 
represented on the crystal, each may be determined 
in the same way. 

The parameter p in the symbol of the dibexagonal 
pyramid and prism is not an independent variatde, 
but is, in fact, equal to — ;^. When n equals 3, 
L.....,Gooslc 
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for instance, p will equal j or 1§. It might be better 

always to use — ^^ instead of p, but, if the equality 

of the two symbols is always borne in mind, no 
confusion need result. 

It is necessary to write the symbol of hexagonal 
forms in such a way as will make the second part of 
each symbol always a (or oo a in the case of the 
basal-pinacoid). Thus, Tia : a : pa : mc is correct, 
while na : pa : a : mc is incorrect; and a:2a : 
2 a -.mcis not the symbol of the 2nd order pyramid, 
while 2 a : a : 2 d : mc is the correct symbol of this 
form. 



Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the faces of difEerent shape or size 
seen. 

l8t order pyramid: A face sloping down from the 
vertical axis directly towards the observer. 

let order prism: A vertical face extending from 
right to left. 

Snd ordxT pyramid: A face sloping down from the 
vertical axis directly to the right or left. 

A 2nd order pyramid differs in no way from a 1st 
order pyramid excepting in position with respect to 
the horizontal crystal axes; and a twelve-faced 
pyramid may be placed in either the 1st or 2Bd 
order position at will. Such a pyramid may, then, 
be considered either a Ist or a 2nd order pyramid 
dep^ding upon the set of interchangeable symmetry 
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axes with which the crystal axes are chosen to coin- 
cide. It is only when forms in both the 1st and 
2nd order position occur on the same crystal that 
it is necessary to distii^uish between 1st and 2nd 
order pyramids. 

Snd order prism: A vertical face extending from 
front to back. 

As is the case with the 2nd order pyramid, a 2nd 
order prism differs in no way from a 1st order prism 



Fia. 32. — I^grams showing relations of the Ut order 
(A), 2ad order (B), and dihemgonal (C) pyramids and prisma, 
to the horiEontol crystal axes. 

excepting in position with respect to the horizontal 
crystal axes; and all that was said in the preceding 
section relative to the 2nd order pyramid applies 
with equal truth to the 2nd order prism. 

It is customary to select the horizontal crystal 
axis in such a way as will place the largest and most 
prominent twelve-faced pyramid or six-^aced prism 
in the 1st order position. 

Pyramids and prisms intersecting in horizontal 
edges are always of the same order. 

Dihexagotud pyramid: A face sloping down from 
the vertical axis in such a way that its plane inter- 
sects all three horizontal crystal axes at unequal 
finite distances from the or^in. 

L.....,Gooslc 
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Dikexagimal prism: A vertical face whoee plane 
intersecte all ihjee borisontal crystal axes at unequal 
finite diatances from the origjn. 

Baaal^Tuumd: A horizontal face on top of a 
crystal. 

nzed and Vaiiabl« Vomu. 

The only fixed holohedral hexagonal forms are the 
1st and 2nd order prisma and the basal-pinacoid, 
and forms derived therefrom. 

need AsclM of thB Hazasonal Sjitem. 

The only fixed angles in this system are those 
between the fixed forms just mentioned, namely, 
90', 120" (or 60°), and 150° (or 30°). 

KlseelUnMiu. 

The general statements made in the discussion 
of the holohedral division of the isometric ayatem 



Pio. 33. — Holohedral hexagon&l cryHtala. 

A: Baaal-pinacoid (e), Ist order pyramid (r), and 2nd order 
prism (a). 

B: Basal'i>inacoid (c), Ist order prism (a), two Ut order 
pyramids (p and u), 2nd order pyramid (r), and dihexagcmal 
pyramid (o). 

regarding combination of forms, determination of 
the number of forms, repetition of forms on a crystal,^ 

c,_...,Coo«:;lc 
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and limiting fonns applies with equal truth to oil 
the divisions of the hexagonal system. It may be 
mentioned, however, that repetitions of the same 
variable form are very common in the hexagonal 
system, and crystal modeb showing such repeated 
forms are not difficult to obtain. 

RHOMBOHXDBAIi HEWBlDRUi DtVISZOH 

DoTvlopmvitt or Dorivatloii of th* Vornii. 

Rhombohedral hemihedral hexagonal forms may 
be conceived to be developed by dividing each of the 
holohedral forma by means of the principal symmetry 
plane and the set of irUerchajigeable secondary sym- 
metry planes corUaining the crystal axes into twelve 
parts, or dodecants, then suppressing all faces lying 
wholly within alternate parts thus obtained, and 
extending the remaining faces until they meet in 
edges or comers. 



Rhombohedral hemihedral forms possess three 
interchangeable secondary symmetry planes which 
intersect along a conmion hne at angles of 60" or 120°. 

Sfllectltm, Podtion, «ad Designation ot ths OiysUl 

AXM. 

The three directions used as crystal axes in the 
holohedral division are still utilized for the same 
purpose in the rhombohedral hemihedral division. 
In other words, the vertical or c axis Hes at the inter- 
section of the three secondary symmetry planes; 
while the three interchangeable crystallographic 
directions used as horizontal or a axes are so held 
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that one of them extends from right to left, and each 
of them bisects an angle between two of the second- 
ary synunetiy planes. 

Orienting Crystals. 

Rhombohedral hemihedral forms are oriented by 
holding a symmetry plane vertically from front to 
botde, then rotating the crystal arowid the axis per- 
pendicular to this plane until two other symmetry 
planes making angles of 60° to 120° with the plane 
first mentioned are held vertically. The ct^tal 
axes will then extend in the proper directions. 



lated. 


N«me. 


Symbol. 




"-dSS--"* 




a:>:co«;mc 


12 
12 


Irt order pyramid 


Z:,:J:^ 




" 




lrtontei™m(n«.2«).,.. 
and ocd« pyramid (Kf. 27) 
2ndocd«|irlnti{Kc.28)... 


iBt ordn prinn 
2ad otdm pyramid 
2i.dord«priim 


2B:g:2p:™ 




M-.-^-«.e 


2 


2 



STnonnns for the Nunes of the Bhombohedral H«tnl- 
hodral H«zft{[onal Forms. 
Rhombohedron — none. 
Scalenohedron — none. 

cj.i.«=b, Google 
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Po8itlT« and Nagatlve Fomu Dlstliifuialied. 

All those forms produced by the suppresaion of 
faces lying within the same set of alternating dode- 
cants are said to be of the same sign (+ or — ). It 
is customary to consider those forms with faces 




Fig. 34. — Positive (on left) and 
negative (on right) rhombohedrcAia 
containing the forms from which 
they are derived. The supioceeed 
faces are shaded. 




Fig. 35.- 
Bcolenobedron contain- 
ing the form from which 
it is derived. The sup- 
preesed faces are shaded. 



lai^y or entirely included within the upper dode- 
cant directly facing the observer as +, while those 
with faces in the upper dodecant.at the back of 
the crystal furthest from the observer are — . In 
reality a + rhombohedron differs in no way from 
a — rhombohedron excepting in position; and a 
rhombohedron may be held in either the + or — 
position at will. It is customary to hold a crystal 
in such a way as to bring the largest and most 
prominent rh(Hnbohedron face principally or entirely 
into the upper dodecant facii^ the observer, which 
will make this form a + one. It is possible, but 
unnecessary, to distinguish between -|- and — hex- 
i^onal scalenohedrons. 



-Cc 



fAc 
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If the sign of a form is not specifically stated as 
being — , it is always assumed that the form is +. 

The forms on a crystal may all be of the same 
sign, or + and — forms may be combined. 

Hethod ot Datermlnlng Bliomboli«dral Hemihcdral 
HKUgoaai. Torna by tils Ub« of Symbols. 
After properly orienting the crystal all the forms 
but the rhombohedron and scalenohedron may be 
easily identified by applying the rules already given 
for the determination of holohedral forms of the same 
name. The two hemihedr^ forms new In shape 
may be recognized by determining the symbol of any 
face in the manner described in the discussion of 
holohedral forms, dividii^ the symbol by 2, and 
then ascertaining from the table the name of the 
form possessing this symbol. 

STiggostloni for Attaining Faculty In Uia Reeognitlrai 
of rorms. 

Orient the crystal and determine which of the fol- 
lowing descriptions (which should be learned at once) 
apply to the face or faces of different shape or size 
seen. It is assumed that the student is already fa- 
miliar with the rules for recognizing those forms iden- 
tical in shape with the holohedral ones (see p. 51). 

-|- Rhombohedron: A face sloping down from the 
vertical axis directly toward the observer. A rhom- 
bohedron has three faces at each end of the vertical 
aids so arranged that a face on top is directly above 
an et^e below. 

— Rhombohedron: A face sloping down from the 
vertical axis directly away from the observer, at the 
back of the crystal 
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Hexagonal acalenohedron: A face sloping down 
from the vertical axis in such a way that its plane 
intersects all three horizontal crystal axes at unequal 
finite distances from the origin. 

The hexagonal scalenohedron is most readily 
wnfused with the 2nd order pyiBmid. To dis- 
tinguish them, it should be remembered that the 
upper and lower faces of the latter always intersect 
in horizontal edges, and that the interfacial angles 
of the 2nd order pyramid, measured across edges 
convei^g towards the vertical axis, are all equal. 
Neither statement is true as regards the hexagonal 
scalenohedron. 

BuIm ftnd CoDTflstioiui Belatlng to Blunnbohodrons. 

As may be gathered from the statements already 
made in this volume (see p. 13), the miit rhombo- 
hedron in the case of any given mineral species is 
UBually the rhombohedron occurring most commonly 
on crystals of that mineral. In the case of rhombo- 
bedral minerals with a well-developed rhombohedral 
cleav^e (see p. 142), however, it is sometimes found 
more convenient to select the cleavage rhombohedron 
as the unit rhombohedron, and to call all distances 
at which this unit rhombohedron cuts the a and c 
axes the unit axial distances a and c. a is made 
equal to unity, and c is then some irrational quantity 
either greater or less than unity. It is customary 
to designate the unit rhombohedron by the symbol 
R which may be -f- or — according to its position on 
the crystfd. 

All other rhombohedrons than R will cut the a 
and c axes at such distances that if a is made equal 
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to unity, mc will be aome rational multiple of c. If 

m is equal to 2, the rhombohedroD is represented by 

the symbol 2 R, either + or — ; while if m is equal 

to i, the rhombohedron is represented by the symbol 

i R, either + or — . Similarly, 

a rhombohedron intersectiiig 

the vertical axis at 3c may 

be represented by the symbol 

3 R, etc. 

It may be retidiJy proved 

geometrically (although to f,«. gg. _ view from 

offer such a proof is beyond above of a unit rhwnbo- 

the scope of this work) that bedron, vith its edges 

any rhombohedron which truncated by — i B, and 

truncates the edges of another J***^ "^ °^ ^1 ^**« 
i_ L 1. J tt ■ » ^ truncated by + 1 R. 

rhombohedron will mtersect 

the vertical axis at one-half the c value of the trun- 
cated rhombohedron and will be of opposite sign. 
In other words, + R may have its edges truncated 
by — J R; — J R may have its edges truncated by 
-|- I R, etc. Stated differently, — J R will truncate 
the edges of + R; or — 2 R will truncate the edges 
of + 4 R. 

From what has been said it is evident that a + 
rhombohedron always truncates a — rhombohedron 
or vice versa. In order to ascert^ whether one 
rhombohedron is truncatii^ another, it is only neces- 
sary to determine whether one rhombohedron inter- 
sects the other in parallel edges. If a rhombohedron 
is intersected by other rhombohedron faces of 
opposite mgn so as to produce parallel edges, the 
former is truncating the latter. lilg. 36 illustrates a 
crystal viewed from above that shows -I- R, — } R, 
L,_.,..,Gooslc 
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and + i H. If the rhombohedroa represented in 
the case just mentioned as — J R. be taken as the 
unit rhombohedron, + R, the other rhombohedroos 
shown will be — 2 R and - i R, respectively. 




Fia. 37. — Rhambohedral hemihedral hexagonal cryetala. 
A: Two + rhombohedroiis (r and M) and two Bcaleno- 
hedrouB (v and v). 
B: -|~ rhombohedroD (r) and two BCalenohedrons (w and v). 

PTUaHDAL HUOHEDBAL DIVISION 

Derfllopmmt or I>eilTatlon of th* Fomu. 

Pyramidal hemihedral hex^onal forms may be 
conceived to be developed by dividing each of the 
holohedral forms by means of all six secondary 
symmetry planes into twelve parts, then suppressing 
all faces lyii^ wholly within alternate parts thus 
obtained, and extending the remaining faces until 
they meet in edges or comers. 

SymiiMtiy. 

Pyramidal hemihedral forms possess only one 
symmetry plane which is in the podtion of the 
principal symmetry plane existing in the holohedral 
division. It is, however, in the pyramidal hemi- 
hedral division a secondary rather than a principal 
L,_...,Gooslc 
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aymmetry plane smce there are no interchangeable 
symmetry planes perpendicular to it. 

Pyramidal hetnibedral hexagonal forms are, then, 
characterized by the presence of one secondary 
symmetry plane, and a general six-fold arrangement 
effaces. 

Salsction, Poottlon, and D«i]8iutiim of the CiTital 
Axes. 

The vertical or c crystal axis is made to coincide 
with Uie secondary symmetry axis. Three inter- 
changeable horizontal axes parallel to prominent 
crystallographic directions at angles of 60° or 120° 
to each other are also selected, and one of these la so 
placed as to extend from right to left. Being inter- 
changeable, all are called a axes. 



Fig. 38. — 3rd order pym- Fia. 39. — 3rd order prism 

mid contaming the form from containing the form from 

which it ia derived. Sup- which it is derived. Sup- 

preeeed faces are shaded. pressed faces are shaded. 

Oiientdnc CiTBtals. 

The secondary symmetry plane is held horizon- 
tally. The crystal is then rotated around the sym- 
metry axis until the most prominent pyramid or 
prism lies in the first order position. The crystal 
axes will then extend in the proper directions. 
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FjrMDidal H»tnih«dnl H«ia«onal Forma Tabulated. 
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Smooynu f<n- th« Namea of Um Pyrunidol Hwnllwdm 
Bexasoiul Forma. 
3rd order pyramid — 3rd order bipyramid. 
3rd order prism — none. 

Uathod tft Detormlning Fyrunldal Hamihedral Bn- 
affoual Forma by tlio Uie of Symbola. 
After properly orienting the crystal in the manner 
already described all the forms but the 3rd order 
pyramid and prism may be identified easily by 
applying the rules already given for the determina- 
tion of holohedral forms of the same name. 3rd 
order pyramids and prisms may be recognized by 
determining the symbol of any face in the manner 
already described in the discussion of holohedral 
forms, dividing this symbol by 2, and then ascertain- 
ir% from the table the name of the form % 
this symbol. 



-Cc 
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Orient the crystal and detennine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. It is pwsible, but unnecessary, to dis' 
tinguish between -|- and — forms in this division. 
It is assumed that the student is already familiar 
with the rules for recognizing those forms identical 
in shape and position with the holohedral ones (see 
p. 51). 

Srd order pyramid: A face slopir^ down from the 
vertical axis so that its plane intersects all three 
horizontal crystal axes at un- 
equal finite distances from the 
origin. 

The 3rd order pyramid dif- 
fers in no way from the 1st or 
2nd order pyramid excepting 
in position with respect to the 
horizontal crystal axes. All 

three types of 12-taced pyra- ^^°- ":-°'?'"*" 
. , , , Bhowii^ the relations of 

mids may have the same ap- jj^^ ^ ^rder (dotted 
pearance; and any such pyra- lines), 2nd order Cbrokeo 
mid may be held at will as a lines), and 3rd order 
1st, 2nd, or 3rd order pyra- t^oUd lines) pyramids 

mid. The 3rd order pyramid ^^^^^t'""" 
is skewed or twisted through 
a small ai^e (less than 30°) either to the right or 
left away from the position of the 1st or 2nd order 
pyramid. Fig, 40 shows how the horizontal axes are 
ciJt by 1st, 2nd, and 3rd order pyramids and pnsms. 
Srd order prism: A vertical face whose plane inter- 
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sects the three hoiuootal crystal axes at unequal 
finite distances from the origin. 

All that was said in the preceding section relative 
to the 3rd order pyramid applies with equal truth 
to the 3rd order prism. 



Fig. 41. — Pyrajnidal hemihedr&l hexagonal crystab. 

A: Baaal-puiacoid (c), Ist order priem (m), two let order 
pyT&mids (x and y), 2nd order pyramid (a), and 3rd order 
priam (A). 

B; Basal-pinacaid (c), 2nd order prism (a), and 3rd order 
pyramid (u). 

TKIOONAL HEHIHEDRU. DIVISION 
Devfllopmsnt or Dartnttioii ot th« Vormi. 

Trigonal hemihedral hexagonal forms may be con- 
ceived to be developed by dividing each of the holo- 
hedral forms by means of the three secondary sym- 
metry planes containing the horizontal crystal axes 
into six parts, then suppressing all faces lying wholly 
within alternate parts thus obtained, and extending 
the remaining faces until they meet in ecfees or 
comers. 



The trigonal hemihedral diviaon of thei hexagonal 
system is characterized by the presence of one 
principal and three interchangeable secondary syrii- 
metry planes which lie at right angles to the principal 
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BynunetiT plane. The interchangeable symmetry 
planes make angles of 60° or 120° with each other. 

MocUon, Position, and Dosignfttlon of the CiTBtal 

AZM. 

The principal symmetry axis is chosen as the 
vertical ore crystal aids; while three interchangeable 
horizontal directions, each of which bisects the angle 
between two secondary symmetry planes, constitute 
the horizontal or a axes. One of these is so held as 
to extend from right to left. 

Orientlns Cryntals. 

Trigonal hemihedral forms are oriented by holding 
the principal symmetry plane horizontally, and one 
secondary symmetry plane vertically and extending 
from front to back. The crystal ases will then 
extend in the proper direction. 

Trigonal Hamihsdral HBUgonal forDU TabulatML 
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Fia. 42. — Poeitive (on left) and n^ative (on ri^t) 1st 
order trigonal pyramida containing the forma from which 
they are derived. The suppressed faces are shaded. 



Fio. 43. — Positive (on left) and negative (on right) 1st 
order trigonal prisms containing the forms from which thejr 
are derived. The euppresaed faces aie shaded. 



Fia. 44, — Ditrigonal pyra- 
mid containing the form from 
which it ia derived. The sup- 
pressed faces are shaded. 



Fio. 45, — IMtrigonal priam 
containing the form from 
which it ia derived. The sup- 
preased faces are shaded. 
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Sjnonyma for tha Namos of ths Trigonal HSmllMdnl 
Haxictmol Forma, 
lat order trigonal pyramid — trigonal bipyramid 

of the Ist order. 
Ditrigonal pyramid — ditrigonal bipyramid. 

Potitlve and Nef&ttre Forma IHatingulslMd. 

All those forms produced by the suppression of 
faces lying within the same set of altem||ting dode- 
cants are sattJ to be of the same sign (-For — ). It 
is possible, but unnecessary, to distinguish between 
+ and — ditrigonal pyramids and prisms. It is 
customary to consider a trigonal prism or pyramid 
with a face or faces extending from right to left 
between the vertical axis and the observer as +, 
whUe one with such a face or faces back of the 
vertical axis is — . In reahty, a + trigonal pyramid 
differs in no way from a — trigonal pyramid except- 
ing in position; and a trigonal pyramid may be held 
in dther the + or — position at will. The same 
statements hold as regards the trigonal prism. 
Convention requires that the largest and most 
prominent trigonal pyramid or prism should be held 
in such a way as to bring it into the + position. 

All the other statements regarding + and — forma 
made in the discussion of the rhombobedral hani- 
hedral division (see p. 57) apply with equal truth 
to the.division under consideration. 

Uathod of Determining Trigonal Hemihedral Hexag- 
onal Forma br the TTss of Symbola. 
After properly orienting the crystal in the manner 
already described the 2nd order pyramid and prism 
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and the basal-pinacoid may be identified easily by 
applying the rules already given for the determina- 
tion of holohedral f onns of the same name. 

The four hemihedral forms differing in shape from 
the holohedral ones from which they were derived 
may be recognized by detemoining the symbol of any 
face in the manner described in the discussion of 
holohedral forms, dividing this symbol by 2, and 
then ascertaining from the table the name of the 
form possessing this symbol. 



Orient the crystal and determine which of the 
fpllowing descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. It is assumed that the student is ab*eady 
familiar with the rules for recognizing those forms 
identical in shape with the holohedral ones (see 
p. 51). 

+ 1st order trigonal pyramid: A face sloping down 
from the vertical axis directly toward the observer. 
This face occupies exactly the same position as that 
of a + rhombohedron. However, a 1st order trig- 
onal pyramid differs from a rhombohedron in that 
the three faces at one end of the vertical axis inter- 
sect those at the other end in edges which are 
horizontal. 

— 1st order trigonal pyramid: A face sloping down 
from the vertical axis directly away from the ob- 
server at the back of the crystal. This face occupies 
exactly the same position as that of a — rhombo- 
hedron, 

L.....,Gooslc 




TRIGONAL HEMIHEDRAL DIVISION 69 

+ lat order trigonal prism: A vertical face extend- 
ing directly from right to left between the vertical 
axis and the observer. 

— Ist order trigonal prism: A vertical face extendr 
ing directly from right to left at the back of tl^ 
crj'stal. 

Ditngonal pyramid: A face 
sloping down from the vertical 
axis in such a way that its 
plane intersects the three hori- 
zontal crystal axes at unequal 

finite distances from the origin. ^ ,„ ^. 
,„ . , ■ , , , Fia. 46. — Diagram 

The SIX faces at each end of the ^.^^ng the reUtion of 
vertical axis occupy exactly the the faoe« of the trig- 
same positions as the six faces onal hemihedml di- 
makmg up half of a scalenohe- trigonal pyramid and 
dron, but may be distinguished P^ to the horizontal 
1 u J * I, .1. <!ryetal axes. (Com- 
from scalenohedron faces by the p^jg ^i^ f^g, 54.) 

fact that the faces at opposite 

ends of the vertical axis intersect in edges that are 

horizontal. 

Ditrigonal prism: A vertical face whose plane 
intersects all three horizontal crystal axes'at unequal 
finite distances from the ori^, 

A hemimorphic crystal, as already stated (p. 17), 
is one in which the law of axes (see p. 16) is violated 
so far as one crsrstal axis is concerned. In other 
words, on a hemimorphic crystal the opposite ends 
of one crystal axis are not cut by the same niunber 
of similarly placed faces. For instance, there may 
be one or more pyramids on one end of a ^lystal axis, 
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and only a basal pinacoid on the other; or the forms 
at both ends of an axis may have the same names, 
but different slopes. 

Theoretically, hemlmorphic forms may occur in 
all divisions of the hexf^nal system, but they are 
relatively wiimportant on any kind of crystals 
abeady discussed excepting trigonal hemihedral 
hexagonal ones. 

Naming Hetnlmorptalc Formi. 

It is customary to hold the axis whose ends are 
treated differently vertically. After properly orient- 
ing the crystal the forms on the upper end of the 
crystal are given first, then the crystal is turned up- 
side down, and those on the other end axe named. 
Forms common to both ends, Uke prisms and pina- 
coids (other than the basal pinacoid), are mentioned 
but once. 

In writing out the names of the forms on a hemi- 
morphic crystal it is customary to separate the names 
of the forms on the differii^ ends of the crystal by 
means of a horizontal Hne. 

ImportanCS of HumlTru wp W mm In (ihg TrlgODSt HSIDl- 

bedral H«xacoiul DiTlsltm. 
With one possible exception, all natural minerals 
crystallizing in this division (rf the hexf^^nal system 
are hemlmorphic, that is, the opposite ends of their 
vertical axes are not intersected by the same niunber 
of similar faces similarly placed. This eliminates 
the principal symmetry plane, and gives the trigonal 
and ditrigonal pyramida the appearance of rhom- 
bohedrons and scalenohedrons. That the crystals 
L,_...,Gooslc 
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resulting are not rhombohedral is, however, usually 
shown plainly by the presence of a prominent tr^- 
onal prism, a form which does not occur in the 
rhombohedral hemihedral division. This gives trig- 

o o 

A B 

Fig. 47.- 

onal hemihedral crystals cross-sections which are 
either triangular or (more commonly) spherical- 
triangular. Fig. 47 shows two typical cross-sections 
of the mineral tourmaline which is the commonest 
species crystaUizing in this division of the system. 



Fio. 48. — TOgonal bemihedral hexagonal cryBtalei 

(hemimorphic). 

A: + and —let order trigonal pyramids (r and o), —1st 

onler trigonal prism (mi), and 2nd order prism (a). On other 

end: + and — Ist order trigonal pyramids (r and e). 

B: + and — lat order trigonal pyramids (r and o), + and 
— iBt order trigonal prisma (m and mi), ditrigonal pyrainid 
(u), ditrigonal prism (h), and 2nd order prism (a). On other 
end: + &nd —1st order trigonal pyramids (r and o). 
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TRAFEZOHEDRAL HEMIHEDItiL DIVISIOH 

Trapeeohedral hemihedral forma may be conceived to be 
developed by dividiog each holohedral form by the principal 
and all the secondary symmetry 
planes into 24 parts, then suppress' 
ing all faces lying whoUy within 
alternate parts thus obtained, and 
extending all the remaining faces 
until they meet in edges or comers. 

As the dihexagonal pynunid ia 
the only heragonal form with 24 
faces, it is evident that a dihexa- 
gonal pyramid face is the only one r,Q. 49. _ Hexagonal 
that can lie wholly within one of trapeiohedron contain- 
the parts obtained by dividing a ing the form from which 
hexagonal crystal in the manner it jg derived. The sup- 
just specified. The dihexagonal pressed faces are shaded. 
pyramid is, thwi, the only hexa- 
gonal form from wluch a trapezohedral hemibedral form differ- 
ii^ from the holohedral one in shape and name can be derived. 
This new form ia called the hexagonal trapesohedron (Fig. 49). 
This form may be either right or left-handed, but, since no 
mineral is known to crystallize in this division, its further 
discussion seems unnecessuy. 

TIUnzOHEDBAL TETASTOHEDRAL DIVISIOH 

Developmetit or Dsiivfttion of tha Fonni. 

Trapezohedral tetartohedral hexagonal forms may 
be conceived to be developed by the simultaneoua 
application of the rhombohedral and trapezohedral 
hemihedrisms. In other words, a holohedral form 
is first divided into dodecants by means of the 
principal symmetry plane and the three secondary 
symmetry planes containing the crystal axes, as in 
the development of rhombohedral hemihedral fonns; 
and faces or portions of faces lying within alter- 
L.....,Gooslc 
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uating dodecantfi are marked tentatively as sub- 
ject to suppression. The holohedral form is then 
divided by means of the principal and all of the 
secondary symmetry planes into twenty-four parts, 
as in the development of trapezohedral hemihedral 
forms; and faces or portions of faces lying within 
alternating parts thus obtained are marked tenta- 
tively as subject to suppression. If, after this has 
been done, it is found that any crystal face has been 
marked in such a way as to indicate that all portions 
of it are tentatively subject to suppression, that 




Fig. 60. — DifigramtoiUustra&tbedevelopmeDt of the2nd 
order trigonal pyramid from the 2nd order pyramid as ex- 
plained in the text. 

crystal face is suppressed; but, if all or any portion 
of a crystal face remains umnarked as subject to 
suppr^sion, that face is extended until it meets 
other similar faces in edges or comers. 

As an illustration of the process just outlined, 
consider a 2nd order pyramid (see Fig. 60). If this 
form is divided by means of the principal sjmimetry 
L.....,Gooslc 
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plane and the secondary Bymmetiy planes contain- 
ing the crystal axes, and faces or parte of faces lying 
within alternating dodecants thus obtained are 
marked tentatively as subjectto suppression, parte 
of faces 1 and 2, 5 and 6, and 9 and 10 on top of 
the crystal; and 3 and 4, 7 and 8, and 11 and 12 on 
the other end should be so njarked, as indicated 
by the vertically hatched portions on Fig. 50. If, 
then, the foim be divided 
by means of the principal 
symmetry plane and all 
six secondary symmetry 
planes into twenty-four 
parte, and faces or parte 
of faces lying within alter- 
nating parte thus obtamed pm. 51. _ 2nd order trig- 
be marked tentatively as onal pyramid containing the 
subject to suppression, form from which it is de- 
the parte of the faces so "v^- Suppreased faces are 
marked will be those num- 
bered 1, 3, 5, 7, 9, and 11 on top of the crystal, and 2, 
4, 6, 8, 10, and 12 on the bottom, as indicated by the 
horizontally hatched portions in Fig. 50. This leaves 
the half-faces 4, 8, and 12, on top, and the half-faces 
1, 5, and 9, on the other end of the crystal unhatcbed, 
while all the remaining faces are completely hatched. 
If, then, we extend the faces partially unhatched until 
they meet in edges or comers as Illustrated by Fig. 
51, we shall obtain the trapezohedral tetartobedral 
derivative of the second order pyramid, namely, the 
2nd order trigonal pyramid. By applying this 
method to the other holohedral forms, their trapezo- 
hedral tetartobedral derivatives may be ascertained. 
L.....,Gooslc 
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8jltUil4trT. 

Trapezohedral tetartohedral forms possess no 
symmetry planes whatever, but show a three-fold 
or six-fold arrangement of faces. 

Selection, Position, and Designation of tbe-CiTstal 
Axes. 

The four directions used as crystal axes in the 
holohedral division are still utilized for the same 
purpose in the trapezohedral tetartohedral division. 
In other words, one vertical or c axis and three inter- 
changeable horizontal or a axes intersecting at angles 
of 60° or 120° are utiUzed. One of the latter is held 
from right to left. 

Oiientins CiTstals. 

The absence of all symmetry planes, and the 
presence of two sets of prominent interchangeable 
crystall<^rapfiic directions which may be so placed 
as to occupy the position of the horizontal crystal 
axes makes it impossible to give any rules for orient- 
ing trapezohedral tetartohedral crystals based en- 
tirely on symmetry planes or crystallographic 
directions. 

Since quartz is the only mineral which occurs at all 
commonly in recognizable trapezohedral tetartohe- 
dral crystals, it seems best to suggest rules for orienta- 
tion appUcable especially to that mineral. These 
are as follows : 

On most crystals one crystallographic direction 

emerging on the surface of the crystal at a comer 

formed by the intersection of three or six faces 

makii^ equal ai^es with each other ia usually very 
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prominent. This is selected as the vertical or c 
axis, and is not interchangeable with any other 
erystallographic direction. The crystal is then 
rotated around the vertical axis until ^ominent 
prism faces occupy the 1st order position; or, if a 
prominent prism is lacking, protninent pyramidal 
faces are placed in the 1st order position. The three 
interchangeable horizontal crystal axes will then 
extend in the proper directions. 
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Sjuoajna for the Names of the TnpesolMdral Te- 
tttitohedral Hexagonal Fwnu. 
2nd order trigonal pyramid — trigonal bipyramid 

of the 2nd order. 
2nd order trigonal prism — unsymmetrical trig- 
onal prism. 



-,C>- 
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Trigonal trapezohedron — quadrilateral trapezo- 
hedron, 

FosIUtc uid NegfttiTS ronoB Distinsuisbed. 

It ia possible to distinguish between + and — 
variations of each of the trapezohedral tetartohedral 
forms which differ in shape from the holohedral Ones 




Fia. 52. — Diagrams showing relations of the poeitive (on 
left) and B^ative (on r^t) 2ad order trigonal pyramid and 
prism to the horizontal crystal axes. 




Fig. 53. — Trigonal trap©- Fio. 54. — Diagram shoW' 

Eohedron containing the fonn ing the relation of the tetarto- 

from which it is derived. The hedral ditrigonal prism to the 

suppressed faces are shaded. horizontal crystal axes. 



from which they are derived. It is, however, 
unnecessary to differentiate between + and — trig- 
onal trapezohedrons and ditrigonal prisms. 

+ and — rbombohedrons are distinguished in 
exactly the same way as are + and — rhombohe- 
L,_...,Gooslc 



78 HEXAGONAL SYSTEM 

droDs in the rhombohedral hemihedral division (see 
p. 56). 

It is customary to call those trigonal prisms and 
pyramids + which have a face or faces extending 
directly from front to back at the right of the vertical 
axes; while those with a Bimilar face or faces at the 
left of the veridical axis are called — , See Fig. 52. 

Symbol! of TatutolMdm Forms. 

The symbol of a tetartohedral form in any system 
iB the same as that of the holohedral fonn from which 
it is derived excepting that it is written as a fraction 
with the figure 4 as the denoininator. This does 
not mean that, in the case of the tetartohedral forms, 
the axes are intersected at one-fourth the holohedral 
axial lengths, but is merely a conventional method 
of indicating that the symbol is that of a quarter 

(tetartohedral) form. The symbol — '- — " ™ ' — 
is read na, a, pa, mc over 4. 

Method ot DetarminlniT Trapezoh«dral Tetartohedral 
Hexagonal Ftotoi by the Use ot Symbols. 

Alter properly orienting the crystal the 1st order 
prism and basal-pinacoid may be identified easily by 
applying the rules already given for the determina- 
tion of holohedral forms of the same name. The 
tetartohedral forms new in shape may be recognized 
by determining the symbol of any face in the manner 
described in the discussion of holohedral forms, 
dividing this symbol by 4, and then ascertaining 
from the table the name of the form possessing this 
symbol. 
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Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
sise seen. It is assumed that the student is already 
familiar with the rules for recognizing those fonDS 
identical in Bhape with the holohedral ones (see 
p. 51). 

± ^on^hedron: Since the trapezohedral tetar- 
tohedral rhombohedrous differ in no way excepting 
in internal molecular arrangement from the rhombo- 
hedral hemihedral forms of the same name, rules for 
the recognition of the + and — rhombohedrous given 
in the description of rhombohedral hemihedral forms 
(see p. 57) may be used in identifying such forms 
in this division. 

+ Snd order trigonal pyramid: A face which 
slopes down from the vertical axis directly to the 
right. 

The 2nd order trigonal pyramid does not differ in 
appearance from the 1st order trigonal pyramid 
occurring in the trigonal hemihedral division, but 
does differ from the latter in its position with refer- 
ence to the horizontal crystal axes. 

— 2nd order trigonal -pyramid: A face which slopes 
down from the vertical axis directly to the left. 

•\- Snd order trigonal prism: A vertical face extend- 
ing from front to back at the r^t of the vertical 

- The 2nd order trigonal pnam does not differ in 
appearance from the Ist order trigonal prism occur- 
ring in the trigonal hemihedral division^ but does 
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differ from the latter in its position with reference to 
the horizontal crystal axes. 

— 2nd order trigonal prism: A vertical face extend- 
ing from front to back at the left of the vertical axis. 

Trig(mal trapezokedron: A face sloping down from 
the vertical axis in such a way that its plane inter- 
sects ail three horizontal crystal axes at unequal 
finite distances from the origin. 

It is possible, but not necessary, to distinguish 
between right- and left-handed trigonal trapezo- 
hedrons. 

The trigonal trapezohedron, like the Ist and 2nd 
order trigonal pyramids and the rhombobedron, 
has three faces at each end of the vertical axis, but 
the faces on top do not intersect those below in 
horizontal edges, as is the case with the trigonal 
pyramid; nor is a face on top directly above an edge 
below, as is the case with the rhombobedron. The 
three faces on one end appear, in fact, to have been 
twisted aromid the vertical axis through a small 
angle (less than 30°) to the right or left, placing them 
in an unsymmetrical position with reference to those 
at the other end of the crystal. 

The trigonal trapezohedron is most apt to be 
confused with a 2nd order trigonal pyramid. These 
may usually be distinguished easily if the following 
tests are applied : 

If a vertical plane is passed through an edge be- 
tween two equally steep 1st order faces, it will bisect 
the angle between two diverging edges of a 2nd order 
trigonal pyramid face directly above or below the 
edge first mentioned. Equally steep Ist order faces 
in this division of the system are those of the 1st 
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order prifim, and, in the case of quartz, those between 
the most prominent + and — rhombohedrons. 

The statement just made will not be found trae 
where trigonal trapezohedrons lie over or under the 
edges formed by the intersection of equally steep Ist 
order faces. 

DUrigondl prism: The tetartohedral ditr^nal 
prism closely resembles the tr^nal hemihedral form 
of the same name (see p. 66), but differs therefrom 
in that it appears to have a symmetry plane running 
from right to left (see Fig. 54), while the hemihedral 
form has a symmetry plane extending from front to 
back (see Fig. 46). 

Oftneral ObHrvatlona. 

It has already been mentioned that quartz is the 
only common mineral crystallizing in this division, 
of the hexagonal system, and it should be noted that 
the crystallization of quartz is peculiar in that the 
most prominent faces are. a Ist order prism (some- 
times missing) and an equally or unequally devel- 
oped + and — rhombohedron the faces of which 
make equal angles with the prism faces. In the 
absence of other forms, the combination last men- 
tioned appears to be rhombohedral hemihedral, 
while the first combination appears to be holohedral. 
The presence of either a trigone trapezohedron or 
trigonal pyramid is sufficient to prove the crystal 
tetartohedral, but these forms are very rare. The 
trigonal and ditr^nal prisms and basal-pinacoid 
are almost never found on quartz crystals. 
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Fia. 56. — Trapeiohedral tetartohedral hexagonal ciTstale. 

A: + and — rhombohedrons (r and z), let order prism 
(m), — 2Dd order trigonal pjramid (a), and trigooAl tr^teeo- 
bedron (x). 

B: + and — rhomtx^edron (r and t) equally devdoped, 
lat order piiam (m), and — 2nd order trigonal pynunid (s). 

Application ot the Law Qovaming Combiiutioii of 

Tomu. 

It has already been mentioned that one of the 
commonest mistakes made in determinii^ crystal 
forms is the naming of two or more forms which 
cannot possibly occur on the same crystal since their 
presence would be in direct violation of the law 
governing the combination of forms (see p. 36). 
The student should thoroi^hly familiarize himself 
with the table on p. 83 if he wishes to avoid the 
mistake mentioned. 

Inspection of this table will show that the 
basal-pinacoid is the only fonn that occurs un- 
changed in all five of the divisions tabulated. It is, 
then, the only form that can be combined with any 
other of the forms in the divisions considered. 
Fiu^her, it should be noticed that the Ist order 
prism occiu^ unchanged in all divisions but the 
trigonal hemihedral, while the 2nd order pyramid 
fmd prism occur unchanged in all divisions but the 
trapezohedral tetartohedral. The foraoe in the Srd 
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order position are apt to give the most trouble, 
since the dihexagonal pyramid yielda'a form of new 
name and shape in each of the hemihedral and 
tetartohedral divisions; while the dihexagonal 
prism yields a form of new name and shape in all 
divi^ons but the rhombohedral hemihedral. 



EHOMBOHSDRAL TETAETOBEDRAL DIVI8I0H 

Rhombohedral tetartohedral forms may be concdved to 
be developed by the aimultaneoue application of the rhom- 
bohedral and pyramidal hemihedriams, according to the prin- 
ciplee outlined in the diecussion of the trapezohedral tetar- 
tohedral hexagonal division (see p. 72). The names of the 
resulting rhombohedral tetartohedral forms togeth^ with, 
their symbols, numbra of faces, and the name of the corre- 
sponding holohedral forms are shown on the following table: 



Name. 


Symbol. 


t5 


Form Inim which 
daivBd. 


2nd order rhombohedton. 


•,:a:«t:mc 




t« order pyreznid 
and order pynunid 

IMordgrpriHQ 
2ad order priim 


Jo(i-2a:me 


M:a:M;mt 


na:a:^:»c 




......L, 




l.-.a\a:^C 




4 




* 



The rhombohedral tetartohedral 3rd order prism is exactly \ 

like the form lA the same name in the pyramidal hemibedial 
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division (aee p. 63). The 1st order rhombohedron is exactly 
like the rhombohedron occurring in the rhombohedrtd hemi- 
hedml and the trapezohedral tetaxtohedral diyisionB; while 
the 2iid and 3rd order rhombohedrons differ from the let 
order form of the eame name only in portion with referent» 
to the crystal axes. The former is, d course, in the 2nd 
order poution, while the latter ia in the 3rd order position. 

Further consideration of this divison seems unnecessary 
since few minerals are rhombohedral tetartohedral, and these 
are comparatively rare. 

Table of Hexagonal Symbols Uud bj Various Authori- 







;~a; 


1st order prism 






2nd order pyramid 


2( 


ii-it: 


and order prim 


it 


















°°« 





Weiss, Naumann, and Dana divide the bolobedral sym- 
bols by 2 and by 4 when referring to hemihedral ajid tetarto- 
hedral forms, respectively. Miller prefixes various Greek 
letters when forming the symbols of hemihedral «aA tetarto- 
hedral forms. 
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CHAPTER IV 

TETBAOONAIi SYSTEM 

HOLOHEDBAL DIVISION 



The holohedral division of the tetn^nat system 
iB characterized by the presence of one principal and 
four secondary symmetry planes which lie at r^^bt 
an^es to the principal symmetry plane. The 
secondary symmetry i^anes are arranged in two 
pairs. The planes of each 
pair intersect each other at 
an angle of 90° and are 
interchangeable; while the 
planes of one pair are non- 
interchangeable with those 
of the other pair which they 
intersect at an ai^le of 45°. 



Selection, Positioa, and Dee- 

Ignfttioa of the Crjrstal 

Axes. 
The principal symmetry 
axis is chosen as one of the 
crystal axes, is held verti- 
cally, and is called the c 
axis. Two other ciystal Fio. 56. ~ Crystal asea of 
axes are so selected as to «•« tetragonal ayrtem. 
coincide with one set of interchangeable secondary 
symmetry axes. One is held horizontally from front 
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to back, the other horizontally from rig^t to left, 
and both are called a axes, since they are interchange- 
able. Three cryst^ axes intersecting at right angles 
are, then, used in the tetragonal system, as in the 
isometric, and they are held in the same positions as 
in the isometric system. The two horizontal axes 
are interchangeable, but, unlike the conditions in the 
isometric system, neither is interchangeable with the 
vertical axis (see Fig. 56). 

Orienting Crystftli. 

Holohedral tetragonal forms are oriented by hold- 
ing the principal symmetry plane horizontally, and 
either set of interchangeable secondary symmetry 
planes vertically from front to back and from right 
to left. The crystal axes will then extend in the 
proper directions. 

Ilrtt Order Position Defined. 

Forms with faces or faces extended that cut the 
two horizontal aystal axes equally (at equal finite 
distances from the origin) are said to be in the first 
order position. 

Second Order Position Defined. 

Forms with faces or faces extended parallel to one 
(and only one) horizontal axis aro said to be in the 
second order position. 

Tbird Order Podtion Defined. 

Forms with faces or faces extended that cut the 
two horizontal axes unequally at finite distances aro 
said to be in the third order position. 

L.....,Gooslc 
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Holohodntl Totnwotul Tomu Tabulated. 



Nims. 


SymboL 


'"ssr'' 




rr 
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Fio. 67. — Ist order pyramid. Fig. 5S. — let order jniam. 
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Fia. 59. — 2Qd order pyramid. Fig. 60. — 2nd order priam. 
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FiQ, 61. — Ditetragonal 
pyramid. 



Fia. 62. — Ditetragonal 
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Synonynu for the Nuum 

of thfl Holohodral T«t- 

ragoitil Tfxma. 
l8t order pyramid — 

direct pyramid, Ist 

order bipyramid, or 

imit pyramid. 
Ist order prism — direct 

prism or imit prism. 
2nd order pyramid — 

indirect pyramid or Fio. 63. — Basal pinacoid. 

diametral pyramid. 
2nd order prism — indirect prism or diametral 

prism. 
Ditetragonal pyramid — ditetragonal bipyramid 

or zirconoid. 
Ditetragonal prism — none. 
Basal-pinacoid — basal-plane. 

Hsthod <rf Datwrntning Holobvdral Tetragoiial Tonna 
by tiie U86 of Symbols. 
After properly orienting the crystal in the manner 
already described select any face in the upper right 
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octant facing the observer, and ascertain the relative 
distances at which its plane intersects the three 
crystal axes, remembering that no face or face 
extended can cut the vertical axis at the same 
flistance from the origin as it cuts either horizontal 
axis. If, for instance, it appears that the plane of 
the face selected intersecte the three axes, but that 
the two horizontal sufsa are not cut at the same 
distance from the origin, the symbol of that face 
(and of the form of which it is a part) is a : tui : mc. 
By referring to the table of holohedral tetragonal 
forms (which should be memorized as soon as possi- 
ble) it is seen that the form is the ditetragooal 
pyramid. If more than one form is represented on 
the crystal, each may be determined in the same way, 

Suggestloiu for Attaloinc FacUitr in the BwoBititioil 

of 7onnfl. 

The holohedral tetragonal forms are so easily 
identified after they have been properly oriented 
that it seems almost unnecessary to offer rules 
aiming toward their rapid recognition. 

The following statements may, however, prove 
useful to the beginner. 

la order pyramid: A single face lying wholly 
within an octant. 

let order priam: A vertical face cutting both hori- 
zontal axes equally. 

Snd order pyramid: A face sloping down from the 
vertical axis directly towards the observer. 

The 2nd order pyramid differs in no way from 
the Ist order pyramid excepting in position with 
respect to the horizontal crystal axes; and an 8- 
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faced pyramid may be placed in either the 1st or 2iid 
order position at will. Such a pyramid may, then, 
be considered either a Ist or 2nd order pyramid 
depending upon the set of interchangeable symmetry 
axes nith which the crystal axes are chosen to coin- 
cide. It is only when forms in both the 1st and 2nd 
order positions are present on a crystal that it is 
necessary to distinguish between 1st and 2nd order 
pyramids. 

I8nd order prism: A vertical face extending from 
right to left or front to back. 

Ah is the case with the 2nd order pyramid, a 2nd 
order prism differs in no way from a 1st order prism 
excepting in position with respect to the horizontal 
crystal axes; and all that was said in the preceding 
section relative to the 2nd order pyramid appUes 
with equal truth to the 2nd order prism. 

It is cuBt<Hnary to select the horizontal crystal 
axes in such a way as will place the lai^^t and most 
prominent 8-faced pyramid or 4-faced prism in the 
1st order position. 

Pyramids and prisms intersecting in horizontal 
edges are always of the same order. 

Ditetragorud pyramid: Two identical faces lying 
wholly within an octant. 

DitetragoncU prism: A vertical face cutting the two 
horizontal axes unequally. 

Bascd-jnnacaid: A horizontal face on top of the 
crystal. 

Flxad And Variabls Fonos. 

The only fixed holohedral tetragonal forms are the 
first and second order prism and the basal-pinacoid. 
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lizod AnglM of the Tetnworud Sjvtsm. 

The only fixed angles in this system are those 
between the fixed forms just mentioned, namely, 
90° and 45° (or 135"). 

HiscalluMoiu. 

The general statements made in the discussion of 
the holohedrai division of the isometric system 
regarding combination of forms, determination of 
the number of forms, repetition of forms on a 
crystal, and limiting forms applies with equal truth 
to all the divisions of the tetragonal system. It may 
be mentioned, however, that repetitions of the same 
variable form are very common in the tetragonal 
system, and crystal models showing such repeated 
forms are not difficult to obtain. 




Fia. 64. — Holohedrai tetragonal cryBtala. 

A: BasEtl-pinacoid (c), let order pyramid (r), lat order 
prism (m), 2nd order prism (a), md ditotragonal prism (A). 

B: Baeal-pinacoid (c), two 1st order pynunids (71 and 0. 
Ist order prism (m), 2ad order prism (a), ditetragonal pyramid 
(i), and ditetragonal prism (A). 
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SPHENOIDAL HEMIHEDRAL DIVISIOH 
T}m<ilopmaa.t <^ DoriTfttion of th« Fomu. 

Sphenoidal hemihedral forms may be conceived to 
be developed by dividing each of the holohedral 
forms by meana of the principal ftynunetry plane 
and the set of secondary symmetry planes containing 
th^ crystal axes into eight parts, or octants, then 
'suppressing all faces lying wholly within alternate 
l^'parts thus obtained, and extending the remaining 
3 faces until they meet in edges or comers. 

It Symnwtiy. 

J Sphenoidal hemihedral forms possess only two 
a interchangeable secondary symmetry planes at right 
angles to each other. 

Salectdon, Position, and Dosignatlon of the Crystal 
Az«s. 

The three directions used as crystal axes in the 
holohedral division are still utiUzed for the same 
purpose in the sphenoidal hemihedral division. In 
other words, the vertical or c axis hes at the inter- 
section of the two secondary symmetry planes; 
while the two interchangeable horizontal or a axes, 
one of which extends from front to back, and the 
other from right to left, make an angle of 90° with 
each other, and bisect the angles between the two 
secondary symmetry planes. 

Orienting CrTstals. 

Sphenoidal hemihedral crystals are oriented in 
exactly the same way as are tetrahedral hemihedral 
isometric ones (see p. 30). 
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Sphenoidal Hwnihedral Tatraconal Fomu Tabulated. 



NtUIM. 


Symbol. 


£ 


Form from lAioh 


zbTetragonal aphtaoid (Fig- 


f.u-.mc 






«) \ 


"- 2 




2 


I«tonlM|™m(Blg.5a) 

2nd OTd«r pynunid (Fi(. ») . . 
jEd order prism (Fi,.MJ.... 

B™l-idn«»id (Fig. 63) 


lrtord«pri™ 
2nd order pynunid 
2nd order prinn 


3 


,.„.„j 


' 


2 




Fia, 65. — Positive {on left) and negative (on right) tet- 
ragonal Bphendda contuning the forma from which tbey are 
derived. The Buppreesed faces are shaded. 



ByaonjioB for the Namaa of the Sphenoidal Heml- 
hedral Tetragonal Forms. 
Tetragonal sphenoid — hemi-unit pyramid. 
Tetragonal scalenohedron — none. 
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PotltiTo uid Ho^tive Toima in tho Sphenoidal Htmlr 
hodrsl Totntgonal Diviaion. 

+ and — forma are recognized in this division, 
and are distinguished in exactly the same way as are 
the + and — forms in the tetrabedral hemihedral 




Fig. 66. — Poaitive (on left) and negative (on right) tet- 
ragonal scalenohedmnB contaiiiing the fomu from which they 
are derived. The suppreeaed faces are shaded. 

division of the isometric system (see p. 32). All 
that was aaid there relative to such forms will apply 
with equal truth to the + and — forms in the 
division under consideration. 

HotliodB of Dotorminlng Sphonoidal Hoinili»dr«l 
rarm» by tlio Use of SymboU. 

Aft«r properly orienting the crystal in the manner 
already described all the forms but the tetn^onal 
sphenoid and scalenohedron may be identified easily 
by applying the rules already given for the deter- 
mination of holohedral forms of the same name. 

The tetragonal sphenoid and scalenohedron may 
be recognized by determining the symbol of any face 
in the manner described in the discussion of holo' 
hedral forma, dividing this symbol by 2, and then 
ascertaining from the table the name of the form 
g this symbol. 
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SugKMtlons tor Attaining 'Mllitr In ttis BMOgnitlon 
of Tonna. 

Orient the crystal and detenuine which of the 
following descriptions (which should be learned at 
once) apply to Uie face or faces of different shape or 
size seen. Call the forms + or — accordii^ to the 
rules ab-eady set forth. It is assumed that the 
student is already familiar with the rules for recog- 
nizing those forms identical in shape with the holo- 
hedral ones (see p. 90). 

Tetragonal sphenoid: A ^i^e face iii an octant 
(althOT^ not necessarily wholly included therein) 
sloping down from the vertical axis in such a way as 
to cut both horizontal axes equally. 

Tetragonal scalenohedran: Two faces lying within 
an octant (althoi^ not necessarily wholly included 
therein) which cut all three axes unequally. 




Fio. 67. — Sphenoidal hemihedral tetragonal cryBtals. 

A: + and — tetragonal aphenoida (p and pi) and 2nd order 
pyramid (z). 

B: Basal pinacoid (e), two 2nd order pyramide (e and x), 
let order prism (r»), + tetragonal sphcaoid (p), and tetrag- 
onal scalenohedion (a). 
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FTBAUIDAL HEMIHEDKAL DIVISION 

DoTolopment or Derivation of the Fomu. 

Pyramidal hemihedral forms may be conceived to 
be developed by dividii^ each of the holohedral 
fonuB by means of all four secondary symmetry 
planea into eight parts, then suppressii^ all faces 
lying wholly within alternate parts thus obtained, 
and extending the remaining faces until they meet 
in edges or comers. 



Pyramidal hemihedral forms possess only one 
symmetry plane which is in the position of the 
principal synmietry plane existing in the holohedral 
division. It is, however, in the pyramidal hemi- 
hedral division a secondary rather than a principal 
symmetry plane since there are no interchangeable 
symmetry planes perpendicular to iU. 

Pyramidal hemihedral tetragonal forms may, 
then, be said to be characterized by the presence of 
one secondary symmetry plane and a general foiu*- 
fold arrai^ment of the faces. 

Moctlon, Position, and Deflignatlon of tbs Ciyital 
Ana. 

The vertical or c axis is made to coincide with the 
secondary symmetry axis. Two interchai^eable hor- 
izontal axes parallel to prominent crystallographic 
directions at right angles to each other are also 
selected, one of which is so placed as to extend froih 
front to back, and the other from right to left. 
Beii^ interchangeable, both are called a axes. 
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OrlenUng CiTBtela. 

The secondary eymmetry plane is held horizon- 
tally. The crystal is then rotated around the 
symmetry axis until the most prominent pyramid 
or prism lies in the first order position. The crystal 
axes will then extend in the proper directions. 

pyramidal HemihKtral Tatngonal Foimi Tabulated. 
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Fonn from which 
dMivBd. 


3rd ordB- pyramid (Fit 68). . . 
3tdc«JerprUm(PLe.«) 

lMordBrprimimg.6S) 

2ndontorpyi»inid(ng.W).. 
2ndoiderpriMn(Pig.eO).... 
B^l-irfnaond (Fie. M) 


i:m:-<: 




M order prinn 
Wwderpjromid 
ZEdnd.privD 
bsul-fiiiiBooid 


■ ■«■«( 
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2 


3 




Fia. 68. — 3rd order pyi&- 
mid containiag the form from 
wUch it iB derived, 8up- 
preeaed faces are shaded. 



Fig. 69. — Sid order priem 
containing the form from 
which it is derived. Sup- 
preaaed faces are shaded. 
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Synonrms tor the Namss of the Pyrunidal Hemihsdral 
Tetngotutl Fomu. 

3rd order pyramid — square pyramid of the third 
order or tMrd order bipyramid. 

3rd order prism — square prism of the third order. 

Method of Determining Fyramld&l Hemlhedral Tetng- 
otud Fwma by the Usa of Symbob. 

After properly orientii^ the crystal in the manner 
already described all the forms but the 3rd order 
[^ramid or prism may be identified easily by 
applying the rules already given for the determina- 
tion of holohedral forms of the same name. The 
3rd order pyramid or prism may be recognized by 
determining the symbol of any face in the manner 
already described in the discussion of holohedral 
isometric forms, dividing this symbol by 2, and then 
ascertaining from the table the name of the form 
possessing this symbol. 

Suggestions for Attaining Facility tn the EecogniUon 
di Forma. 

Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. It is possible, but unnecessary, to dis- 
tinguish between positive and negative forms in this 
division. It is assumed that the student is already 
familiar with the rules for recognizing those forms 
identical in shape and positioa with the holohedral 
ones (see p. 90). 

Srd order pyramid: A single face lying in an octant 
(although not necessarily wholly included therein) 
L.....,Gooslc 
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which mtersects all three crystal axea at different 
finite distances from the origin. 

The 3rd order pyramid differs in no way from the 
1st or 2nd order pyramid excepting in position with 
respect to the horizontal crystal axes. All three 
types of S-faced pyramids may have the same 
appearance; and any such pyramid may be held at 
will as a 1st, 2nd, or 3rd order pyramid. The 3rd 
order pyramid is skewed or twisted through a small 
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Fio. 70. — Diagram 
Bhowing the relationa 
of the 1st order (dotted 



lii 



b), 2nd • 



(broken lines), and 3rd 
order (solid lines) pyra- 
mids and prisms to the 
horizontal crystal axes. 



Fig. 71. — Pyramidal hemihedial 
hexagonal crystals. 
A; Ist order pyramid (r), Ist or- 
der prism (m), 2ad order prism (a), 
and 3rd order pyramid (;). 

B: Basal-pinacoid (c), lat order 
pyramid (n), 1st order [msm (m), 
and 3rd order piism (/). 



angle (less than 45°) either to the ri^t or left away 
from the position of the 1st or 2iid order pyramid. 
Fig. 70 shows how the horizontal axes are cut by 
1st, 2nd, and 3rd order pyramids and prisms. 

3rd order prism: A single face parallel to the 
vertical axis, which intersects the two horizontal 
axes at unequal distances from the origin. 

All that was said in the preceding section relative 
to the 3rd order pjT^mid appUes with equal truth 
to the 3rd order prism. 
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Applicatioa <^ Uie Law. .OyniaiMr Ci^nlilfia&iai <tf 
Fothu. 
It has already been noted (see p. 41) that one 
of the commonest mistakes made in determining 
crystal forms is the naming of two or more forms 
wiiich cannot possibly occur on the same crystal, 
such, for instance, aa the sphenoid and 3rd order 
pyramid. The presence on the same crystal of two 
forms like these, which are peculiar to different 
divisions of the system, is, of course, in direct vio- 
lation of the law governing the combination of 
. forms (see p. 36). A student ^ould thoroi^hly 
familiarize himself with the following table if he 
wishes to avoid the mistake mentioned. 





^STS^S^t^ 




litord«pyi>mid 


latcffderpriam 

ladonkcprinn 

biral-innBaoid 


M order pynimd 
iBtcfdvpdan 













It will be noted from the above table that the 
Ist order prism, 2nd order pyramid and prism, and 
the basal pinacoid occur in all three of the divisions 
already discussed, and naay, therefore, be combined 
with any other forms in these divisions. Further, 
it will be seen that the 1st order pyramid and 
ditetn^nsl prism occur unchanged in name or 
shape in two of the divisions; while the ditetragonal 
pyramid occurs only as a holohedral form. 
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TH * P«g n wna i V. " meiffrmenPAT. DIVISI<nf 

TrapezohedTEd hemihedral forms may be conceived to be 
developed by dividing each holohedral form by the principal 
and all the secondary Bymmetry planes into raxte^i parte, 
then suppreemng all faces lying wholly within alternate parts 
thus obtained, and extending the 
remaining faces until they meet in 
edges or comers. 

As the ditctragona] pyramid is 
the only tetragonal form with six- 
teen faces, it is evident that a dite- 
tr^onid pyramid (ace is the only 
one that can lie wholly within one 
of the parta obtained by dividing a ^^ 72.-Tet»gonal 
tetragonal cn^ in the mamier t^^,^„ ^t^. 
pist apecifled. The ditetragona^ i^ ^^^ f^ j^ ^^j^j^ 
pyramid IS, then, theonlytetragMia^ ^^ ^ ^^^ j^^ 
form from which a toapeiohedral pressed faces are shaded, 
hemihedral form differing frcnn the 

holohedral one in shape and in name can be derived. This 
new form is called the tetragonal trapesohedriHi (t%. 72). 
Since no mineral is known to cryBtaUise in this divimon, its 
further connderation seems unnecessary. 
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CHAPTER V 
OBTHOBHOMBIC SYSTEM 

HOLOHKDBAL DIVI8I0H 

Synuaetry. 

The holohedral division of the orthorhomblc 
system is characterized by the presence of three 
non-interchangeable secondary symmetry planes at 
ri^t angles to each other. 

Th« S«Ieotton, Poiltioiii and DMlgnation of th« Ciyvtal 
Axea. 

The three crystal axes utilized in this system are so 
choaen as to coincide witii the secondary symmetry 




Fia. 73. — CryBtttl axes of the orthorbombio syatem. 

axes. One is held vertically and is called the vertical 
or c axis; another is held horizontally from right to 
left, and is called the macro (long) or b axis; while 
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the third extends borizoatally from front to back, 
and is called the brachy (short) or a axis. None 
of the three crystal axes are interchangeaUe (see 
Fig. 73). 

Orienting Crystali. 

One symmetry plane is hdd so as to extend ver- 
tically from front to back, another vertically from 
right to left, and the third horizontally. The crys- 
tal axes will then extend in the proper directions, 
and the forma can be named according to the 
directions ^ven later. There are, however, certain 
conventions that are set forth in immediately suc- 
ceeding paragraphs, and which should be observed 
as closely as possible. In considering the statements 
that follow, it should be remembered that the relar 
tive lengths of the axes are determined by the dis- 
tances from the origin to the points where the 
plane of a face of the ground-form intersects each 
crystal axis. 

If a crystal is decidedly elongated, the longest 
axis becomes the c axis; while, if it is notably tabu- 
lar, the shortest axis is used as the c axis. When 
neither elongated nor tabular an axis of intermedi- 
ate length is used for the c axis. 

The c axis having been selected, the longer of the 
other two axes is held from right to left as the 
macro or h axis, and the shorter from front to back 
as the brachy or a axis. 

Since the student is imable to determine which 
form is the ground-form, and since the ground-form 
may not be represented on some crystals, it is per- 
missible to determine the relative lei^ths of the 
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wtefl hy noting the distances from the origin at 
which prominent faces intersect two or three axes. 

Holobednd Orthorliomble Vomu Tabulated. 



NaouL 


Symbol. 


'toe.. 




»<: -Bb-.C 


































Flo, 74. — Pyramid. 
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FiQ. 75. — Priflm. 




FiQ. 76. — Maoro-dome. 
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Bwiurki on the Holohedrsl Oithorhomblc Fomu. 

It will be Been by examining the table just given 
that the holohedml orthorhombic forms may be 
grouped into three divisions, one containing the 
pyramid with eight faces cutting all three axes at 





Fig. 78. — Macro-pnacoid. Fio, 79. — Brachy-piiuteoid. 

finite distances, one con- 
tuning the prism and 
domes with four faces 
parallel to one axis and 
cutting the other two at 
finite distances, and one jjJJLll^j.^.^.^'^py 

containing the pinacoids fio. 80. — Basal-piiMMjoid. 
with two faces parallel to 

two axes. The forms in any one of these divisions 
may be changed into any other form in the same 
division by a different selection of crystal axes; but 
a form in no one division can be named as a form 
in any of the other divisions no matter how the 
crystal is held. The pyramid is the only holohedral 
orthorhombic form which will when unmodified 
completely bound the crystal. Since all the forms 
but the i»nacoids (the fixed forms) cont^n one or 
more variables in their symbols, they may be re- 
peated an indefinite number of times on the same 
crystal. 
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Domes and pinacoids (excepting the basal-pina- 
coid) are named by prefixing the name of the hori- 
zontal axis to which they are parallel. 

STiumyms for tlu Nunu ot Ow Holohvdral Ortho- 
rbomblc Toma. 
Pyramid — unit-pyramid, macro-pyramid, and 

brachy-i^amid. 
Prism — unit-prism, macro-prism, and brachy- 

prism. 
Macro-dome — none, 
Brachy-dome — none, 
Macro-pinacoid — none. 
Brachy-pinacoid — none. 
Basal-pinacoid — basal-plane. 

Method oi Dotwmlning Holohedral Orthorhomblc 
Forms hj the Use oC Symbols. 
The usual method of determining forms by the 
use of eymbols, as presented in the discussion of 
the systems already described, may be used success- 
fully in the orthorhomblc system. In forming 
symbols it should be remembered that the distance 
from the origin to the point where the plane of any 
face intersects the macro or b axis is always made b 
(or Q0& if the face is parallel to this axis); while 
the distance from the origin to the point where the 
plane of the face intersects the brachy or o axis is 
called Tia (or w a) if the plane cuts the b axis at a 
finite distance from the origin, and is called a (or oo a) 
if the plane cuts the b axis at infinity. Similarly, 
the distance from the origin to the point where the 
plane of a face intersects the c axis is called mc 
(or coc) if the plane cuts either the o or & axes at 
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finite distances; while it is called c if both the a 
and b axes are cut at infinity. 

SufgMtions tor AtUlnlng FkUI^ In tlu BMOgnition 
of Fomu. 

Orient the crystal and determine which of the 
followihg descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. 

Pyramid: A face lying entirely within an octant. 

Priam: A vertical face obUque to both horizontal 
axes. 

Macro-dome: A face sloping from the vertical 
axis directly down toward the observer. 

Brachy-dome: A face sloping from the vertical 
axis down to the right or left. 

Macro-pinacoid: A vertical face extending from 
right to left. 

Brachy^nacoid: A vertical face extendii^ from 
front to back. 

Baaal-pinacoid: A horizontal face on top of the 
crystal. 

Flzod and Vuiablo Fonns. 

The only fixed holohedral orthorhombic forms are 
the three pinacoids. 

Flz«d Angles of th« Orthorhonibic STitsm. 

The only fixed angle in this system is that between 
the three pinacoids, namely, 90°. 

IDiceUuwous. 

The general statements made in the discussion 
of the holohedral division of the isometric system 
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regarding combination of forms, determination of 
the number of forms, and limiting forms apply 
with equal truth to all the divisions of the tetragonal 
system. Hemimorphism (see p. 17) is shown by 
crystals of calamine as well as by those of certain 
rare minerals. 



Fio. 81. — Holt^edrol orthorhombio ciyBtale. 

A: Baet^-pioscoid (c), macrodome (d), macro-pinacoid 
(a), bTachy-dome (o), brachy-pinacoid (b), pyramid (y), and 
two priamB (m and n). 

B (hemimorphic) : Basal-pinacoid (c), brachy-dome (e), 
biachy-pinacoid (6), mAcro-dome ((), aad prism (rn). On 
other end: pyramid (v). , 



8PEEHOIDAL wurmKnitAT. DIVISION 
Devalopment <^ Dorlv&tlon of tiM rorms. 

E^entadal hemihedral forms may be oonceiTed to be de- 
iffilc4>ed by dividing each of the holohedral ioram by means of 
the three secondary aymmetry planes into eight parte, then 
Buppreaaing all facee lying wholly within alternate parta thus 
obtained, and extending the remaining facea mitil they meet 



Sphenoidal hemihedral forms possess no symmetry planes 
vbtAifmr, but are characterized by the presence of three 

L.-..,C00;!L- 
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prominent, ntm-jntercluuigeable cryatallognqihia directions at 
ri^t angles to each other. 

Seloetlon, Petition, and DMig&Etloa of tha CiT>t«l 
Asm. 

Three prominent, non-interchangeable cryBtallographic 
directions at right angles to each other are selected as the 
crystal axee. These are held and named exactly as in the 
holt^edial diviaon. 

Oiiraitiuf CrritAU. 

Usually the earnest way to orient sphenoidal hemihedral 
crystals is to identify by general appearance some issna whose 
hfdohedral and hemihedral shapes are the same, and to hold 
this form in the position it occupies in the holohedral division. 
It is (tften just as easy or easier to find three prominent, non- 
interchangeable crystoUographie directions at ri^t angles 
to each other, and to hold these in the positions of the crystal 
aices, in the manner ah'eody set forth in the discussion of the 
holohedral diviMon. 

Sphmoldal HemilMdnJ Ortborhombic Ttmni Tabu- 
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SynotiTnu t<a tLe Nunu of Sphsnoidal Hemiludral 
Tstragonal Forms. 
OrthorbomlHc aphenoid — none. 

PotlttTo knd NofffttiTA Forma in the Spheiuddat Haml- 
hodral DiTlslon. 

+ and — forms are reot^iniied in tlus diviaioii, and are 
distinguished in exactly the game way as are the + and — 
forms in the tetrahedral hemihedral division (^ the isometric 
system {aee p. 32), All tliat was said there relative to such 
ffMina will apply with equal truth to the + and — forma in 
the division under consideration. 




FiQ. 82, — Positive {on left) and negative (on ri^t) ortho- 
rhombic sphenoids containing the forms from which titey ore 
derived. The suppressed faces are shaded. 

Method of DeteimlnlDe Sphenoidal Hemihedrftl Forms 
by the Use of Symbols. 

After properly orienting the crystal in the manner already 
described all the forms but the orthorhombic sphenoid may 
be identified eamly by applying the rules already ^ven tfx 
the determination of hcdfdiedral forms of the some name. 

The cnthorhombic sphenoid may be recognized by deter- 
mining the symbol of any face in the manner described in the 
discussion of holohedral forms, dividing this symbol by two, 
and then ascertiuning from the table the name of the form 
possessing this symbol. 

Suggestloiis for Attsinloc FkcUlty in the Recognition 
of Ftmns. 

After properly orienting the crystal all the forms but the 
orthorhombic sphenoid may be recogniied by the rules al- 
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ready given for identifying the holohedittl forma (see p. 108). 
The following description of the position of an orthorhombio 
sphenoid face should be learned at once; and if faces an- 
swering to this description ore present on a crystal, they 
should be called + or — according to the rules already 
set forth. 

Orlhorhmiitie Sphenoid: A single face in an octant (al- 
though not necessarily wholly included therein) dcqting down 
from the Teriical axis so as to cut both horizontal axes 
obliquely. 

Table of Htdohodnl Ortborhomble Symbols UB«d br 
Various AutiioriUu. 
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CHAPTER VI 
MONOCLINIC SYSTEM 
HOLOHBDIUL DITISION 

SymnMtry* 

The holohedral division of the monoclinic syatem 
is characterized by the presence of one secondary 
symmetry plane. 

Selectioii, Poaitloii, and Deoig- 
natlon of tha Cryatal Az«s. 

The ortho or 6 crystal axis 
ia made to coincide with the 
secondary symmetry axis, 
and is held horizont^y from 
r^ht to left. The other two 
axes (which are made to pass 
through the geometric center - an ^ . . „ 
of the crystal) are selected ^ u^e monoclinic syHtem. 
lying in the sj^mraetry plane js is a variable angle, but 
parallel to two prominent can never be equal to a 
crystall(^raphic directions as S^** »°Ble »rf any syetem. 
nearly at right angles to each other as possible. 
Chie is held vertically and called the vertical or c 
axis; while the other is held so as to slope or in- 
cline ioum toward the observer, and is called the 
clino or o axis (see Fig. 83). 

None of the ciystal axes are interchangeable. 

The ortho axis makes right angles with both the 
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vertical and the clino axes, but the cUdo and vertical 
axes are never exactly at right angles to each other. 

Orienting CiTStali. 

The aymmetry plane is held so as to extend verti- 
cally from front t« back. The crystal is then rotated 
around the eynimetry (ortho) axis until the most 
prominent crystallographic direction (which fixes the 
position of the c axis) is held vertically, and a second 
prominent crystallographic direction (which fixes the 
position of the clino axis) is held so as to slope or 
incline down toward the observer. 

Prominent crystallographic direduma may be edges, 
the intersection of the symmetry plane and faces, 
or lines connecting opposite comers or the middle 
points of opposite edges or faces. It will usually be 
found desirable to select the vertical and clino axes 
parallel to prominent edges, unless by so doii^ the 
two axes mentioned are forced to intersect in a 
decidedly acute angle. 

Holohednl Honocllnic TarxoB T«bulat«d. 
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Fia. 84. — Positive pyraniid. Fig. 85. — Nepttive pyramid. 




Fig. 89. — Positive Fio, 90. — N^ative 

ortho-dome. ortho-dome. 

%F Av-A 

Fio. 91. — Baeal-pinacoid. Fia. 92. — Caino-pinaotfld. 
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Bsmuki on tbs Holtdiadral HonocUnle Tomu. 

It will be seen by examining the table just given 
that the holohedral monoclinie fonna may be 
grouped into three divi£iions, one containing forms 
whose faces intersect the symmetry plane obliquely, 
namely, the + and — pyramid, elino-dome, and 
prism; another containing forms whose faces are 
perpendicular to the symmetry plane, namely, the 
ortho-pinacoid, + and — ortho-dome, and basal- 
pinacoid; and a third containing a form whose faces 
are parallel to the symmetry plane, namely, the 
clino-pinacoid. The fonns in any one of these 
divisions may be changed into any other form in the 
same division by a different selection of crystal 
axes; but a form in no one division can be named as 
a form in any of the other divisions no matter how 
the crystal is held. 

Since all the forms but the pinacoids (the fixed 
forms) contain one or more variable in their sym- 
bols, they may be repeated an indefinite number of 
times on the same crystal. No one form in this 
system will completely boimd a crystal. In other 
words, at least two forms must always be repre- 
sented on a monoclinie crystal. 

Domes and pinacoids (excepting the basal-pina- 
coid) are named by prefixing the name of the hori- 
zontal axis to which they are parallel. 
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Srnonyma tor tb« Hamu of th« Hcdohadral Hono- 
ollnlc Forms. 
Pyramid — unit-, ortho-, and clino-hemipyramid. 
Prism — unit-, ortho-, and cliuo-prism. 
Clino-dome — none. 
Ortho-pinacoid — none. 
Ortho-dome — none. 
Basal-pinacoid — basal-plane. 
CUno-pinacoid — none. 



The -I- and — forms in this system are distin- 
guished in quite a different manner from the -|- and 
— forms in any of the systems already discussed, 
and are apt to prove quite confusing to a student 
until he is thoroughly familiar with the conceptions 
upon which their distinction is based. 

It has been decided to call those pyramids and 
ortho-domes — whose faces or faces extended inter- 
sect the clino axis in frotU of the origin (at +na); 
while those pyramids and ortho-domes whose faces 
or faces extended intersect the clino axis behind the 
origin (at —na) are called -|-. In other words, the 
+ forms lie over the acute angle (P, Fig. 83) formed 
by the intersection of the vertical and the clino axes, 
while the — forms lie over the obtuse ai^e between 
these axes. 

It should be noted that the + forms have a — 
sign, while the — forms have a + sign in their 
symbols. This inconsistency is unfortunate, but the 
practice of naming these forms in the manner 
specified has become so firmly established that it 
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appears impossible to change the nomenclature. 
The following rule will be found useful in distii^uish- 
ing between + and — pyramids: 

A + pyramid intersects the basal-pinacoid on top 
of a crystal in edges which converge away from the 
observer. 

A — pyramid intersects a basal-pinacoid on top - 
of a crystal in edges which convei^ toward the 
observer. 

RMSon Why Fujm tm Top or in Froat <tf a Ciystal are 
Duidicat«d at the Bottom <n- Back. 
It is easy to understand why the clino-pinacoid 
faces are duphcated on both sides of a crystal, since 
the presence of a symmetry plane requires such 
duplication. It is not so easy to understand, how- 
ever, why the faces of the other forms are duplicated 
on the top and bottom and front and back, since no 
symmetry plane ties between such duplicated faces. 
The reason for this duplication is found in the law of 
axes which states that opposite ends of crystal axes 
must be cut by the same number of similar faces 
similarly placed. In order that this law shall hold 
good no matter how the vertical and clino axes are 
chosen, it is necessary that faces be duplicated in the 
manner mentioned. 

Method of Determining Holtdiedral Honocllnlc Tonam 
hj the Use of Sytntwls. 
The method outhned in the presentation of the 
orthorhombic system (see p. 107) may be applied 
with equal facility to the monoclinic system, al- 
though the conception of + and — forms ah*eady 
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outlined must be borne in mind when naming pyra* 
mida and ortho-domes. 

Suggestions for Attaining Facility in the Recognition 
of Tama. 

Orient the crystal and detennine which of the 
following descriptions apply to the face or faces of 
different shape or size seen. 

+ Pyramid: A face whose plane cuts all three axes 
at finite distances from the origin, and the clino axis 
behind the veri.ical axis. 

— Pyramid: A face whose plane cuts all three 
axes at finite distances from the origin, and the clino 
axis in front of the vertical axis. 

CUno-dome: A face eloping from the vertical axis 
down to the right or left and parallel to the clino 
axis. 

A clino-dome may often be distinguished with ease 
from the + or — pyramid if it is remembered that 
its faces intersect a basal-pinacoid or another clino- 
dome in edges that are parallel. 

Priam: A vertical face oblique to the ortho axis. 

Ortko-pina&nd: A vertical face extending fmn 
right to left. 

+ Ortho-dome: A face whose plane is parallel to 
the ortho axis, and cute the clino axis behind the 
or^in. 

— Ortho-dome: A face sloping down from the 
vertical axis directly toward the observer, and cut- 
ting the clino asda in front of the origin. 

Basal^nacoid: A face sloping down from the 
vertical axis directly toward the observer and paral- 
lel to the clino axis. 

.._...,Gooslc 
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Clino-pinacoid: A vertical face extending from 
front to back. 

Fixed and Vuiable Fomu. 

The only holohedral monoclinic fixed forms are 
the three pinacoids. 

nz«d Ancles of the Monoclinic STStem. 

The only fixed angle in this system is that between 
the cliQo- and the ortho- or basal-pinacoid, namely, 
90°. 

MUcelluieous. 

The general etatemente made in the discussion of 
the holohedral division of the isometric sj^stem 
regarding combination of forms, determination of 
the number of forms, and limiting forms apply with 
equal truth to this system. 




FiQ. 93. — Holohedral monoclinic crystala. 

A: (dino tuds sdected p&rallel to the face lettered e) : basal- 
pinacoid (c), — orthodome (e), two + oitho-domes (I and s), 
two — pyramids (ii and w), + pyramid (n), prism (m), and 
ortho^ioacoid (a). 

B : {clino axis selected parallel to the face lettered c) : baaal- 
pinacoid (e), + ortho-dome (y), ortho-pinacoid (a), cliao- 
dome (n), clino-pinacoid (6), + pyramid (o), and two prisms 
(m and t). 
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HunUwdnl End HMaimoTphic romu. 

HemJhedral and hemimorphic forms are too rare 
to require consideration. 
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CHAPTER VII 
TBICLUnC SYSTEM 
HOLOHEDBAL DIVISION 



The triclinic system is characterized by the ab- 
sence of any kind of symmetry plane. 

SelMstlon, PoBltdon, uid D«slciutioii of ths Ciratal 

AZ«8. 

Three crystal axes are selected parallel to promi- 
nent crystalli^raphic directions (see p. 114) and at 
as nearly right angles to each other as possible. 
These are held and named exactly aa in the ortho- 
rhombic system (see p. 103) excepting that the 
macro axis extending from r^t to left and the brachy 
axis extending from front to back will not be hori- 
zontal; and none of the axes are at right angles to 
each other, nor can the angles between them be the 
fixed angles of any system. 

Orlontiog CrTBtala. 

The three crystal axes having been selected, the 
one chosen as the c axis is held vertically; the 
shorter of the other two axes (the brachy axis) is 
so held as to slope down directly toward the ob- 
server. The macro axis will, then, extend from 
right to left, intersecting the plane through the 
vertical and brachy axes more or less obliquely. 
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The e axis is selected according to the conven- 
tions already given in the discussion of the ortho- 
rhombic system (see p. 104). 

TricUnlc Tonns Dlscu««d. 

The triclinic forma have exactly the same names 
and symbols as the corresponding orthorhombic 
forms (see p. 105), but differ therefrom in that each 
triclinic form consists of only a single pair of paral- 
lel and opposite faces. 

Since each form in this system consists of but two 
faces, it follows that the forms differ from one an- 
other only as regards their position with respect to 
the crystal axes; and any form may be changed 
into any other form by selecting the crystal axes 
so as to run in the proper direction. If, however,- 
the conventions with respect to the choice of the 
axes are observed, different observers will in most 
cases designate all the forms by the same names. 

Synonynu for tbo Hamsa of tb* Triclinic Fomu. 
Pyramid — unit-, brachy-, and macro-tetrapyra- 

mid. 
Prism — unit-, brachy-, and macro-hemiprism. 
Macro-dome — hemi-macro-dome. 
Brachy-dome — hemi-brachy-dome. 
Macro-pinacoid — none. 
Brachy-pinacoid — none. 
Basal-pinacoid — basal-plane. 



It is not at first easy to see why a face on one side 
of a triclinic crystal must be duplicated on the 
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opposite side, since no symmetTy plane lies between 
these faces; but the law of axes states that opposite 
ends of crystal axes must be cut by the same number 
of similar faces similarly placed; and, in order that 
this law shall hold good no matter how the crystal 
axes are chosen, it is necessary that faces be duph- 
cated in the manner mentioned. 

Msthod of Determining TrlcUnic rorma by tbe Vm of 
Symboli. 

The method ab*eady outlined in tBe discussion of 
the other crystal systems may be applied with equal 
facility to the triclinie system, in which it is not 
necessary to distinguish between + and — forms. 
Care must be taken to give a name to every pair of 
opposite and parallel faces. 

Suffgeitioiu for Attaining facility in tbe Recognition 
of romu. _ 

When the axes are nearly perpendicular to each 
other, it is possible to determine the forms by 
slightly modifying the rules abeady given for deter- 
mining those of tbe same name in the orthorhombic 
system (see p. 108). The modifications required 
are those introduced by the fact that none of the 
axes lie at right angles to each other. In many 
cases, however, the forms can be determined most 
readily by noting the relationship of the faces with 
respect to the axes, which is really equivalent to 
determining the symbol of each face. Tbe follow- 
ing descriptions of the forms are based on their rela- 
tionship to tbe axes, and may be applied after a 
crystal is properly oriented. 
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Pyramid: A face whose plane cuts all three crys- 
tal axes at finite distances from the origin. 

In order to determine the number of pyramids, it 
is necessary to count all the pyramidal faces lying 
above a plane passed through the macro and brachy 
a3£es. 

Prism: A vertical face whose plane intersects 
both the macro and brachy axes at finite distances 
from the origin. 

In order to determine the niunber of prisms, it is 
necessary to count all the prismatic faces lying in 
front of a plane passed through the macro and verti- 
cal axes. 

Macro-dome: A face whose plane is parallel to 
the macro axis and intersects the vertical and the 
brachy axes at finite distances from the origin. 

In order to determine the number of macro- 
domes, it is necessary to count all such faces lyii^ 
above a plane passed through the macro and brachy 
axes. 

Bracky-dcrme: A face whose plane is parallel to 
the brachy axis and intersects the macro and verti- 
cal axes at finite distances from the origin. 

In order to determine the number of brachy- 
domes, it is necessary to count the number of such 
faces lying above a plane passed through the macro 
and brachy axes. 

Macrch^nacoid: A vertical face parallel to the 
macro and vertical axes. 

There can be but one macro-pinacoid on a crystal. 

Bracky-jnnacoid: A vertical face extending from 
front to back (parallel to the brachy and vertical 
axes). 
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There can be but one brachy-pinacoid on a 
crystal. 

Baaal^nacoid: A face (not horizontal) parallel 
to the macro and brachy axes. 

There can be but one basal-pinacoid on a crystal. 




Fig. 94. — Holohedral triclinic crystals, 
(vertical axis eelected parallel to the edge between a and 
axis paralld to the edge between c and a, and brachy 
tudsparallel to the edge between 6 and x): basal-piuaooid (e), 
□ULCio-pinacoid (o), brachy-pinaooid (6), brachy-dome ix), 
pyramid (n), and prism (m). 

B: (vertical axis selected parallel to the edge between a and 
M, macrtnaxis parallel to the eigs between e and a at the 
upper right edge of the figure, and brachy axis parallel to the 
edge between e and b): basal-pinacoid (c), macro-pinacoid 
(a), brachy-pinacoid (6), four pyramids (p, q, r and »), and 
five prisms (if, g, m, n and o). 

In order to attain facility in the rect^uition of 
triclinic forms, it vill be found advisable to prac- 
tice determining them when the crystal axes are so 
selected as to make decidedly acute ai^es with 
each other. When the student is able to name the 
forms correctly under such conditions he will find 
it very easy to do so when the axes are properly 
selected at as nearly right ai^es as possible. 

L.....,Gooslc 
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UlacsUaiuoiu. 

The general statementa made in the discuasion of 
the holohedral division of the isometric system re- 
garding combination of forms, determination of the 
number of forms, and limiting forms apply with 
equal truth to this system. 



Since the triclinic system contains no symmetry 
planes, it is impossible to develop hemihedral or 
tetartohedral forms according to the general rules 
already given (see p. 17). Hemimorphic forms are 
practically unknown. 



= b, Google 



CHAPTER Vni 

TWINS 

A Twin D«flnod. 

^A twin may be defined as two or more crystals or 
prations of one crystal so united that, if alternate 
crystals or portions could be revolved 180° ,on a 
Bo-called twinning plane or plaqgs. one simple 
untwinned crystal would be formedj See Figs. 95 
to 99. 

It is, of course, not supposed that Nature actually 
revolves alternate crystals or portions of a crystal 
after the simple or untwinned crystals have starts 
to form. The definition just given is, then, merely 
a statement of testa which may be applied to as- 
certain whether a given crystal or group of crystals 
IB a twin. Since the cause of the development of 
twins is unknown, and since there are Beveral classes 
differing in appearance, it is impossible to formulate 
a definition based either on genesis or appearance, 
but some authorities define a twin as two or more 
crystals or portions of a crystal united according to 
some definite law. 

Most twins are characterized by the presence of 
re-entrant angles, but the same peculiarity is shown 
by groups of crystals not united according to the 
laws of twinning, so this feature cannot be considered 
distinctive of twins. 

128 
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Pr«Uniin»r Dtflnitlcais. 

C^ Twinning Plane Defined: A twuming plane is a 
plane so located with reference to two twinned 
crystals or [urtions of a crystal that, if one of these 
crystals or portions of a crystal could be revolved 
180° on the plane, the two crystals or portions of a 
crystal would then be in untwinned relationship to 
each other (see Fig. 95). A twinning plane is named 
by stating the nam&of the possible crystal faces to 
which it is parallelTj 

A twinning plane can never be parallel to a sym- 
metry plane excepting in the tetrabedral hemihedral 
division of the isometric syst^n and the sphenoidal 
hemihedral division of the tetragonal system, and 
must be parallel to possibl e cry stal faces. 

Twinning Axis Defined.^^ twinning axis is a line 
or direction perpendicular to a twinning plane j The 
twinning axis usually passes through the geometric 
center of the crystal. 

Plane of Union or Composition Face Defined: The 
plane of union or composition face is a plane along 
which two crystals or portions of a crystal appear to 
be united to form a twin. It may or may not 
coincide in position with the twinning plane. The 
plane of tmion must be parallel to a possible crystal 
form, and is named by stating the name of the 
pos^ble crystal faces to which it is parallel. 

CUnss of Twins. 

Three classes of twins are generally recognized, 
namely, contact, interpenetration, and multiple 
twins. The last named class may be subdivided 
into subclasses called oscillatory and cyclic twins. 

L,_...,Gooslc 
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Each of these classes will be discussed in the order 
meDtioned. 

Contact Twin Defined: A contact twin is one in 
which two portions of a crystal appear to have been 
united along a common plane after one portion has 
been revolved 180° relative to the other (see Fig. 95). 
The twinning plane and plane of union usually 
coincide in contact twine. 

Contact twins are simpler and commoner than any 
of the other types, and present no special difficulties. 




Fio. 95. — Contact twins. A is tetragonal, and B ie mono- 
dinic. Poflitiona of the twinning planes indicated by xi/t. 

In studying and reciting upon any type of twin a 
student should determine and state the following 
facts: 

I. The class of the twin (contact, interpenetra- 
tion, etc.). 

II. The system and division to which the crystal 
belongs. 

III. The forms present <hi the crystal. 

IV. The name of the form whose face or faces 
the twinning plane parallels. 

V. The name of the form whose face or faces the 
plane of uniqp 'parallels. 
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In determimng the system of a contact twin and 
the forms present thereon, it is usually advisable to 
cover with the hand that portion of the crystal at 
one side of the twinning plane and to examine only 
the portion left uncovered. If this is not done, a 
b^inuer is apt to be confused by the more or less 
unsymmetricai arrai^ment of faces on the two 
portions of the crystal separated by the twinning 
plane. 

InterpendraHon Tmn Defined: An interpenetra- 
tion twin is one in which two or more complete crya- 




Fio. 96. — Iiiteix»enetrstion twins. A is orthorhombic and 
B is tetmhedrsl hemihediEtl iaometric. Poutions of the twin- 
ning axes indicated by X—X'. 

tals appear mutually to penetrate into and through 
each other according to the laws of twinning (see 
Fig. 96). 

It is usually comparatively easy to determine the 
plane of union and the system and division of such 
twins, tt^ther with the forms present thereon; but 
it is more difficult to determine the name of the form 
whose face or faces the twitming plane parallels. It 
will be found advisable to seek the twinning axis, 
and, when this is found, determine the name of the 
form with a face or faces perpendicular to this axis. 
L,_...,Gooslc 
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Such a form will, of course, have faces parallel to the 
twinning plane. To determine the position of the 
twinning axis, hold a pentnl with one end against 
various points on the crystal, and ascertain whether 
it is possible to bring all points on one of the inter- 
penetrating crystals into the position of identical 
points on another of the interpenetrating crystals by 
imagining a rotation of all points on the first crystal 
180° around the axis represented by the pencil. If 
such a rotation would cause the two crystals to 
coincide, it may be assumed that the pencil is in the 
position of the twinning axis sought, provided that 
a plane perpendicular to the pencil is parallel to a 
possible crystal face. 

Multiple Tvnn Defined: A multiple twin is one in 
which more than two portions of a single crystal 
appear alt«matingly to have been revolved 180° 
upon parallel or non-parallel twinning planes. Two 
adjacent parts separated by a 
twinning plane possess relation- 
ships very similar to those of 
the two parts of a contact twin. 

OadUatory Twin Defined: An 
oscillatory twin is a multiple 
twin m which the alternate por- ^^- ^^ — Oscillatory ■ 
tions appear to have been re- ^ '^ ""*' 
volved 180° upon paraUd twinning planes (see 
Fig. 97). 

In studying multiple twins, only a portion bounded 
on one side by a twinning plane and elsewhere by 
crystal faces should be examined, as other portions 
included between two parallel twinning planes are 
apt to possess such a deficiency of faces as to make 
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the determiiiation of the system, division, and forms 
difficult or impossible. 

Cydie Twin Defined: A cyclic twin is a multiple 
twin in which alternate portions appear to have been 
revolved 180° upon non-parallel 
twinning planes (see Fig. 98). 

The rotation of alternate parte 
180° on non-parallel twinning planes 
tends to give these twins a ring-like 
form. In cases where a small num- 
ber of parts are involved, or where ^°- ^?- Cyclic 
the twinning planes are nearly ™ '^^ *^' 
parallel, the ring will be incomplete; but, when 
the number of parts are higher or the twinning 
planes depart considerably from parallelism, a com- 
plete ring may result. The center of such a ring of 
twinned portions may be boUow, or the twinned 
portions may be in contact in the center. If the 
cycUc twin forms an incomplete ring, it is compara- 
tively easy to determine all the forms accprding to 
the method au^ested in the discussion of oscilla- 
tory twins; but, if a complete ring is fonned, some 
of the crystal faces necessary 
in order to cover completely 
an individual crystal may be 
missing. 

When cyclic twins have 
the form of complete rings Fio. 99. — Multiple in- 
it is customary to give them terpenetration twin, 
a name depending upon the number of twinned 
portions, as trilling, fourUng, eixling, eightling, etc. 

Interpenetration twins are often of cycUc type 
iiluatrated by Fig. 99. ^_, , 
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Influmcs td Twlnninf t^mn SymmstiT. 

The twinnii^ plane often appears to be a eym- 
metry plane. Whether this nvill be the case or not 
depends upon the character of the crystal and the 
position of the plane as set forth in the following 
statement: 

The twinning plane will always appear to be a 
symmetry plane if the crystal is entirely bounded 
by forms whose faces are arranged in parallel paiiB, 
anti if the twinning plane passes through the center 
of the crystal- 
While twinning often apparently introduces a 
symmetry plane in a crystal, it may also result in 
the elimination of some symmetry planes. Whether 
it will have the latter effect or not depends upon the 
degree of symmetry of the untwinned crystal, and 
the position of the twinnii^ plane. It may, how- 
ever, be said that in general twinned crystals belong- 
ing to systems or divisions of systems characterized 
by the presence of more than two symmetry planes 
often appear to have their symmetry decreased; 
while crystals belonging to systems characterized by 
the presence of less than two synmietry planes usu- 
ally appear to have their symmetry increased. For 
instance, the twinned holohedral tetragonal crystal 
shown in Fig. 95A appears to have only two sym- 
metry planes instead of five ajmametry planes which 
the untwinned crystal possesses; while the twinned 
monoclinic crystal shown in Fig. d5B appears to 
have two symmetry planes instead of the single one 
characteristic of the untwinned crystal. 
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Ponibls and bnpoulbls Twinning PUnu. 

It has already been mentioned that a twinning 
plane must be parallel to a pos^ble crystal face, 
and cannot be parallel to a symmetry plane. The 
student will find it a good review of Mb knowledge 
of the poMtions of the symmetry planes and forms 
in each division of every system if he will attempt 
to write out a complete list of all the forms parallel 
to which twinning planea cauTiot lie for the reason 
that such forms have two or more faces parallel to 
a sjonmetry plane or planes. For reference pur- 
poses such a list is given below. 
, Holohedral isometric — cube and dodecahedron. 
Tetrahedral hemihedral isometric — no form. (See 
statement under definition of a twinning plane 
on p. 129.) 
Pentagonal hemihedral isometric — cube. 
^ Holohedral hexagonal — basal-pinacoid, 1st order 
prism, and 2nd order prism. 
Rhombohedral hemihedral hexagonal — 2nd order 

prism. 
Pyramidal hemihedral hexagonal — basal-pina- 
coid. 
-^ Trigonal hemihedral hex^onal — basal-pinacoid 
and 2nd order prism. 
Trapezobedral tetartohedral — no form. 
^ Holohedral tetragonal — basal-pinacoid, 1st ardet 
prism, and 2nd order prism. 
Sphenoidal hemihedral tetragonal — no form, (^ee 
statement under definition of a twinning plane 
on p. 129.) 
IV^n^dal hemihedral tetragonal — baaal-pina- 
coid. ,- , , 
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' Holohedral orthorhombic — macro-, brachy-, and 
basal-pinacoid. 
Sphenoidal hemihedral ortborhombic — no form. 
Holohedral monoclinic — clino-pinacoid. 
Holohedral tricUnic — no form. 
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CHAPTER IX 
HISGEI.i:^ANEOUS FEATUBES 

PinUcUnn of Qrowtb. 

When several crystals which may or may not be 
in contact with each other have all omilar faces 
panUlel, parallelism ^f growth is said to exist. When 
such parallel-growing crystals are in contact they 
may mutually interpenetrate, and are then apt to 
be confused with twins of interpenetration Eonce they 
bear a superficial resemblance to Buch twins, and 
re-entrant an^es are common on both. 

Cases of paralleliam of growth in which the crys- 
tals are not in contact are relatively rare, and are 
difficult to explain. A good illustration of their 
occurrence is aometimes exhibited by small but well- 
fonned chalcopyrite crystals dotted over the sur- 
face of crystallized sphalerite. More frequently a 
comparatively lai^ crj^tal appears to be made up 
of many smaller ones arranged in parallel portions. 
This is sometimes splendidly shown by lai^, rather 
rough, octahedral crystals of fluorite. 

PoraUeliam of OrmnUi and Twinning Differenti- 
ated: A group of two or three interpenetrating 
crystals in parallel position may, aa has abeady been 
mentioned, be confused with a twin of interpene- 
tration, but may be distinguished therefrom by the 
fact that it is impossttde to find an axis so placed 
that, if one crjrst^ could be revolved 180° around 
W7 ■ ,^_...,Co.kIc 
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it, the rotated crystal would exactly coincide in 
position with another crystal. As it is not always 
easy to find the twinning axis, especially in the case 
of distorted crystals (see p. 144), it will be found 
easier to base the distinction upon the following 
facta: 

In cases of paraUelism of growth, dU similar faces 
of all crystals involved will be in parallel positions. 

In the case of twins of interpenetration, aitme 
similar faces of the crystals involved will noi be in 
parallel positions althou^ m^ny, periiapa most, 
such faces may be paralleL 

Striationi. 

Striatums Defined: Striations are minute terraces 
or steps, BO small that they often appear lik$ lines 
etched or drawn upon natural crystal faces. 

Groups of such lines in parallel positions are not 
uncommon on natural crystals, and are often of 
great service in determinii^ the degree of synunetry 
I of the crystal. They are due to three causes, 
I namely: (I) osciUatioa of two or more crystal 
I faces; (2) oscillatory twinning; and (3) interfer- 
ence of two crystals in contact with each other. 
Each will be discussed in the order named. When- 
ever one face meets another of different slope an 
edge is formed; and, if two such faces alternate 
with each other, a series of edges parallel to the 
first result. Frequent alternation of two such faces 
is known as oscillation, and produces many parallel 
edges. 

Striatums Produced by Oscillation of Faces: Na- • 
fcure sometimes appears to be uncertain as to which 
L.. Coosic 
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of two facea or forms ahe prefers to produce, and, 
instead of one form being more or less prominenUy 
modified by the other, many small faces of each 
form alternate with each other, and form a serira 
of terraces. 

As an illustration, consider a mineral (such as 
pyrite) on crystals of which the cube and pentagonal 
dodecahedron are equally apt to occur. The cube 
has a horizontal face on top of the crystal, while the 
pentagonal dodecahedron has a face sloping gently 
down toward the observer; and, if the latter striates 
the former, the cube face will be interrupted by an 
indefinite number of tiny steps or terraces running 
from right to left, of which the horizontal strips 
represent the cube, while the sloping stripe repre- 
sent the pent^onal dodecahedron. If the width 
of tlie latter is very small, the cubic shape of the 
crystal may not be noticeably changed, yet even 
then the resulting striations may be very distinct, 
since no light is reflected from the surfaces belong- 
ing to the pentfigonal dodecahedron when the cube 
surfaces reflect light. In a similar fashion a pen- 
tagonal dodecahedron may be striated by a cube; 
if there is a strong tendency for the former to pre- 
dominate over the latter. 

Almost any face is capable of striating any other 
face if the forms involved are in the same division 
of a system, but, in general, it may be said that 
those forms which intersect at interfacial angles ap- 
proaching 180° are much more apt to striate each 
other than are those whose intersections depart con- 
. aiderably fr<nn 180°. In fact, faces intersecting at 
an ai^ of 135° rarely striate each other, and faces 
■L.....,Goosk- 
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intersecting at angles of less than 135° almost never 
do so. 

Such striations always conform strictly to the sym- 
metry of the face on which they are found. That 
is, a group of striations on one side of a symmetry 
plane must be balanced perfectly by a ^milar group 
on the opposite side of such a plane. It follows 
from the statements just made that striations pro- 
duced by oscillation of faces may cross a symmetry 
plane at right angles to it, and may run parallel to 
a symmetry plane on both sides of it, but tkey can 
never cross a symmefrj/ plane obliquely. If the stri- 
ations on one portion of a crystal face are so disposed 
as to intersect a symmetry plane obUquely, they 
must be balanced on the opposite side of the sym- 
metry plane by a similar group 
of striations which meet the 
first group at an angle, and 
which are similarly inclined 
to the symmetry plane. Fig. 
100, which shows a cube face 
striated by a hexoctahedron, 

illustrates this law. tx ,/« rv u » 

TA. ■ iL t i. .1. i 4. ■ I- Fia. 100. — Cube face 

It IS the fact that stnations ^^^^ ^y a hesocuihe- 
must conform to the symmetry dron. The poeitiona of 
of the crystals on which they the aymmetry planes are 
occur that makes them of serv- indicated by broken 
ice in determining the sym- ^^^' 
metry of crystals in cases where the crystal forms 
present are not distinctive of any particular division 
of a system. For instance, the cube occurs un- 
changed in appearance in all divisions of the iso- 
metric system, but a cube striated like Fig. 101 must 
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have a pentagonal hetnihedral arrangement of its 
molecules, since it is evident that the secondary 
symmetry planes are lacHng, while the principal 
symmetry planes are present. Similarly, Fig. 102 
must represent a tetrahedral hemihedral cube, since 



Pig. 101, — Cubefltrifltedby Fio. 102.— Cube Btriatedby 
a pentagonal dodecahedron. a positiTs tetrahedron. 

the secondary symmetry planes are present and the 
principal symmetry planes are absent. 

In order to determine the name of any form stri- 
ating another form, it is only necessary to ascet^ 
tain the name of a face which would intersect the 
striated face in an edge parallel to one of the stria- 
tions. For instance, it is evident that the pen- 
tagonal hemihedral cube shown in Fig. 101 is stri- 
ated by a face sloping directly toward the observer 
and parallel to the right and left crystal axis. Such 
a form is either a dodecahedron or a pentagonal 
dodecahedron. As a face of the latter form will 
intersect a cube face in a blunter angle than that 
formed by the intersection of a dodecahedron and 
a cube, one is safe in assuming that in the case 
under con^deration the striations are produced by 
the oscillatioa of cube and pent^onal dodecahedron 
faces. 

Slnations Produced by OsciUaiory Twinning: If 
successive twinning planes in an oscillatory twin 
L.....,Goo;;lc 
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are very close together, a series of ridges and de- 
pressions or terraces may be formed on some of the 
faces of a crystal, as illustrated in Fig. 97. When 
such ridges or terraces are very narrow, they bear 
a very close resemblance to striations produced by 
oscillation of faces. In fact, they cannot always be 
distinguished from such striations, but they may 
differ therefrom in that twinning striations may 
cross each other and may produce a cross-hatched 
appearance, they cannot be parallel to a symmetry 
plane (excepting in the case of tetrahedral hemihe- 
dral isometric and sphenoidal hemihedral tetrago- 
nal crystals), and they may cross a symmetry plane 
obliquely. More important still is the fact that 
striations produced by oscillation of faces are con- 
fined to the surface of a crystal, while striations 
produced by oscillatory twinnii^ 
may be shown equally well upon 



Slriationa Produced by Inter- 
ference: When two crystals de- 
velop in contact with each other 
the surface between them is 
sometimes striated in an irregu- Fio. 103.— Quartz 
lar and peculiar fashion, difficult crystal ehowing stria- 
to describe, but fairiy weU illus- tiona produced by in- 
trated by Fig. 103. These stri- '^*^'*- 
ations are iisually coarse, and appear to be utterly 
independent of the symmetry of the crystal. 

GlMTSge. 

Cleavage Defined: Cleavage is the result of a 
tendency shown by many crystalline substances to 
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Split more or less easily parallel to one or more 
possible crystal faces. Id some cases this tendency 
is so well developed that the cleavage sm^aces are 
almost as smooth and highly polished as crystal 
faces, with which cleavage surfaces are sometimes 
confused. 

If cleav^e exists parallel to one face of a given 
crystal form, it is always possible to develop it par- 
allel to every other face of that same form; and, 
not infrequently, cleavages parallel to the faces of 
two different forms may be developed on any one 
crj^tal. 

Cleavage surfaces may be distinguished ordi- 
narily from crystal faces by the fact that they are 
not usually perfectly flat, but appear to be covered 
with or made up from very thin sheets or plates, 
often with curving edges. 

Crjstal Habit. 

The general shape assumed by a crystal is called 
its habit. Among the commoner terms descriptive 
of habits are the following: 

1, The name of some crystal form: For instance, 
it may be said that a crystal has an octahedral habit 
when it has the general shape of an octahedron 
no matter how many other forms are present, or 
whether the octahedron itself is actually present or 
absent. 

2. Tabi^r haJnt: This term may be applied to 
any crystal having the shape of a tablet — an ob- 
ject with two dimensions much greater than the 
third. 
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to any crystal greatly elongated in any one direc- 
tion no matter whether that direction be parallel to 
a prism or not. An adcular (needle-like) habit is 
merely an extreme development of a prismatic habit. 

DtstorOon of Crjitals. 

Most of the statements already made relative to 
crystals apply only to those which are geometrically 
perfect, that is, those completely bounded on all 
sides with faces which in the case of any one form are 
identically of the same shape and size, and are 
equally distant from the center of the crystal. Any 
departm^ from this condition is known as distortion, 
and it is unfortunately true that a great majority of 
crystals are more or less distorted. Two kinds of 
distortion are recognized, and these are known, 
respectively, as (1) mechanical distortion, and (2) 
crystallographic distortion. 

Mechanical Distortion: Mechanical distortion is 
produced by pressure on a completed crystal. This 
may not only chaise the molecular arrai^ment, 
but it may also tend to flatten a crystal and to bend 
or warp both it and some or all of the boimding faces. 
This alters the shape and size of some or all of the 
faces and their distances from the center of the 
crystal, and may also warp the faces and change the 
angles which they make with each other. 

Although mechanical distortion causes a crystal 
to depart from all the crystallographic laws already 
given, this departure is often of so slight a nature as 
to make it possible to make a fairly accurate guess 
as to the original appearance of the crystal, and thus 
to determine the system to which it belongs and the 
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forms represented upon it. Fortunately thia type 
of distortion is comparatively uncommon. 

CrystaUographic Distortion: Crystallographic dis- 
tortion may be conceived to be produced by moving 




Fia, 104. — Cryatallographi- Fio. 105. — Cryatallographi- 
cally distorted octahedron. cally distorted cubee. 

one or more faces parallel to themselves to any extent 
either toward or away from the center of the crystal. 
This may change greatly the shape and size of the 
faces. In fact, it may result in all the faces of any 
one form differing from each other in shape and size. 
Fig. 104 represents such a dis- 
torted octahedron, while Fig. 105 
represents distorted cubes. In the 
latter case opposite and parallel 
faces are of the same shape and 
size, but differ in these particu- Fw. 106.— Cube 
lars from adjacent faces. modifiedbyadodec- 

Not infrequently a face seems to ahedron with one 
have been moved outward to such fa<«. of the latter 
_, , , , , „ (which ehould trun- 

an extent as to have been com- ^^ ^^ ^j ^ 

pletely crowded oft the crystal, preeeed, 
This is illustrated in Fig. 106, 
and faces thus destroyed are said to be suppressed. 
Although the shape and size of faces and their 
distances from the center of the crystal are changed 
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by crystEillograpbic distortion, it ia important to re- 
member that the angles which such faces make with 
each other and with the cryBtal axes remain un- 
changed, and that the angles between edges aie like- 
wise mialtered. This follows from the fact that 
there is no chai^ in the arrangement of the 
molecules. 

From the statements just made it is evident that 
the definitions of secondary and principal symmetry 
planes already given cannot be appUed to crystal- 
lographically distorted crystals. For these, it is 
necessary to substitute the following definition of a 
symmetry plane: 

Any plane through a crystal is a symmetry plane 
if there are approximately the same number of faces 
on opposite sides of this plane, if most of these faces 
are arranged in pairs on opposite sides of and equally 
inclined to this plane, and if any two adjacent faces 
on one side of this plane are usually balanced on the 
other side by two adjacent faces making identically 
the same angle with each other. While this rule is 
not very rigid, and some mistakes may be made in 
its appUcation, these will be rare exceptions after 
the student has studied crystals for some time. 

It is fortunately true that crystals subject to 
crystallt^raphic distortion are apt to occur in groups 
rather than in isolated individuals, and that some 
members of such groups are apt to be much less dis- 
torted than others. In fact, a Uttle search will 
usually reveal one or more crystals almost geometri- 
cally perfect in development, and it is upon these 
that the attention should be fixed. 

In examining crystallographically distorted crys- 
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tals, it will be found useful to observe the following 
two rules: (1) All the faces of any one form on a 
crystal will be of exactly the same color, luster, and 
emoothness; and, if any one face is striated, all will 
be striated and in a similar fashion. (2) Where 
suppression of faces has occurred it is often impossible 
to decide whether a form is holohednJ or ite hemi- 
hedral or tetartohedral equivalent, as, for instance, 
a 1st order pyramid or a rhombohedron. In such 
cases, always assume that the form under considera- 
tion is the one which would necessitate the least 
suppression of faces. 

As an illustration of the latter rule, consider a 
hexi^nal crystal showing a 1st order prism capped 
with six pyramidal faces in the 1st order position, 
which may represent either a 1st 
order pyramid or a + and a — 
rhombohedron. -Suppose that a 
single face in the position of a 
2nd order pyramid is found at 
one of the comers formed by the 
intersection of two pyramidal 
and two prismatic faces. Such p^g io7.— Quarts 
a crystal is illustrated in Fig. crystal showing sut>- 
107. The pyramidal face in the presaion of 2iid order 
2nd order position can evidently trigonal pyramid 
be interpreted either as a 2nd ****' 
order pyramid or a 2nd order trigonal pyramid. If 
we decide the former to be the correct explanation, 
we must assume the suppression of eleven faces; 
while if we incline toward the latter possibiUty, we 
need* assume the suppression of but five faces. 
According to the rule just laid down, we should 
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make the second assumption, and call the fonn a 
2ad order trigonal pyramid, making the crystal 
trapezohedral tetartohedral. 

In conclusion, it should be remembered that a 
majority of crystals are not bounded by faces on all 
sides, but are attached to some foragn substance or 
to other crystals. This means that a considerable 
proportion of the siuiace of most crystals will not 
bear crystal faces. Such crystals can hardly be 
called distorted, but the condition mentioned natu- 
rally adds to the difficulties involved in theu^ daa^- 
fication. 

Vicinal Toma. 

The law of rationality of parameters already given 
states that parameters are always rational, fractional 
or whole, small or infinite numbers. While this law 
holds for all the more prominent faces on crysjtals 
that are not mechanically distorted, there sometimes 
occur on such faces rather inconspicuous elevations, 
often curved, which accord in form with the sym- 
metry of the face on vdiich they are found, but which 
are made up of faees that have parameters which are 
either large, irrational, or both large and irrational. 
Forms possessing such parameters are termed vicinal. 
Their cause is not understood. They may be 
ignored unless unusually prominent, but their form 
and distribution are sometimes of service in deter- 
mining the degree of symmetry of crystals. 

EtdMd Jigam and Corrosion. 

Natural solutions sometimes attack or corrode the 
plane surfaces bounding crystals. When this hap- 

L.....,Goo;;lc 
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pens the edges may be rounded and the faces curved, 
and some or all faces may show Bmall triai^ular, 
quadrilateral, or polygonal, Sat-faced depressions or 
pits called etched figures. These differ in shape on 
crystals of different minerals and even on the faces of 
different forms on an individual crystal. In fact, one 
form on a crystal may show well-developed etched 
figures while others are unattacked or merely 
smoothTy corroded. In aU cases, however, the shape 
of the etched figures accords with the symmetry of 
the face on which they occur, and a study of such 
figures will sometimes prove helpful in determining 
the degree of symmetry of crystals showing them. 
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BT8TIHB, DIVISION OF 8TSTEM8, ASD TOBHS 
TABULATED 



Hohhedral Form* 

-'■ Octahedron rf 

- Trisoctahedron 
'5 Dodecahedron a 
■ Trapeiohedron 
~ ■ 'ron (cube) 



'■ Tetrahexahedron 

Tetrahedral Hemiiiedral Forma 
^Tetrahedron 
iTrigonal Tristetrahedron 
d;Tetragonal Tristetrahe- 
dron 
±H»tetrahedron 

Hexahedron (cube) 

Dodecahedron 

Tetrahexahedion 

Pentagonal Hem&edral Formt 
Pentagonal Dodecahedron 
Diploid 



Dodecahedron 

Hexahedron (cube) 

Trapezohedron 

Trisoctahedron 

GyroicUd Hemihedral Forms 
Fent^onal Icodtetrahe- 

Octahedron 

TriBoetahedron 

Dodecahedron 

Trapezohedron 

Hexahedron (cube) 

Tetiahexabedron 

PetUagonal Tetartohedral 
Forma 
Tetartoid 

Octahedron 
Trisoctahedron 
Dodecahedron ' 
Trapesohedron 
Hexahedron (cube) 
Tetrahexahedron 
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Hszagonal Syatwm 



HdUAedrol Forma 
I 1st Order Pyramid 
let Order Priflm 
2iid Order Pyramid 
2adOrda;Pnsm 
Dihexagonal Pyramid 
Dihex^onal Prism 
Basal-pinaooid 

Rhombohedral Hemihedral 

±Rhombohedron 

HexEgonal Scalenohedroa 

Ist Order Prism 
2nd Order Pyramid 
2nd Order Prism 
Dihexagonal Prism 
Baaal'^unacoid 

■ Pyramidal Hemihedrai Forma 
3rd Order Pyramid 
3rd Orda Prism 

let Order Pyrsmid 
iBt Order Riem 
2nd Order Pyramid 
2Qd Order Prism 
Basal-pinaooid 

Trigonal Hemihedral Forma 
I ±lHt Order Trigonal Pyr- 

±lst Order Trigonal Prism 
Bitiigonal PyraJnid 
Ditrigonal Prism 



2nd Order Pyramid 
2nd Order Prism 
Baaal-pinoooid 



Hexagonal Trapezohedron 

1st Order Pyr&mid 
1st Order Priam 
2nd Order Pyramid 
2nd Order Prism 

Dihexagonal Prism 
Basol-pinacoid 

ZVapesoAedroI Tetartohedrid 

±Rhomb<diedron 

±2nd Order Trigonal Pyp- 

±2nd Order Trigonal 

Prism 
Trigonal Trapeeohedron 
Ditrigonal Prism 

1st Order Prism 
Baaal-pinacoid 

Bhombohedral Tetartohednd 

Ist Order Bhombohedron 
2nd Order Bliombohedron 
3rd Order Rhombohedron 
3rd Order Prism 

1st Order Prism 
2nd Order Prism 
Basal-pinacoid 
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2Qd Order Pyrunid 
2nd OrdK Prism 
Ditetiagonal FriBm 
BasatiNnacoid 

Pyramidal fiemtAedroI Forms 
3rd Order Pyramid 
3rd Order Priam 



HoIoAeJrol Formt 
Ist Order Pyramid 
let Order Prism 
2iid Ordw I^ramid 
2Dd Order ftism 
Ditetragonal I^ramid 
Ditetragonal Prism 
Basal-piiiAcoid 

Sfhautidid BemAedral Formi Ist Order Pyramid 

±Tetn>gonal Sphenoid *8t Order Prism 

iTetragonal Scalmohe- 2iid Ordw Pyramid 

dron 2nd Ordw Prism 

....... Baaal-pintuxrid 

1st Order Prism 

OrtlUHiioinbio System 

Holohtdrat Form* Sphenoidtd Hemihedral Forms 

Pyramid Orthorhombic Sphenoid 



MacrcMlome 

Brachy-dome 

Macro^tinacoid 

Brachy-pinacoid 

BssaJ'pinacoid 



Macro-dome 

Brachy-dome 

Macro-pinaooid 

Brachy-|Hnacoid 

Baul-pinacoid 



MonocUnle SjBtem 

Hotohedral Forma Ortho-pinacnd 

^Pyramid ±Ortho-dome 

Prism Baaal-jMnaooid 

Cliao-dome Clino-iunaccnd 

TrlcUnic System 

HtAohedral Forms 
Same as in the cothorhombic system 
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Compoeition Face Defined 129 

Common Symmetry Axis (see Secondary Symmetry 
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Corrosion Discussed 148 

Crystal Axes Defined 12 

Ctystal Axes, Designation and Use trf 13 

Crystal Axes, General Rule for Choosii^ 12 

Crystal, Definition of a 3 

Crystal Form and Shape Differentiated 16 

Crystal Form Defined 15 

Crystal H^it Defined and Discussed 143 

Crystalline Structure Defined 2 

Crystallography Defined 4 

Crystallogr^hic Directions (Prominent) Defined 114 

Crystallognqthic Distortion Discussed 145 

Crystals, Formation of 4 

CiTStal System D^ned 10 

CiTBtal Systems Listed 11, 150 

Cyclic Twin Defined 133 

Degree of Symmetry Defined 11 
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Distortion (CiyBttdlographic) Discussed 145 

Distortion (Mechanical) of Crystals Discussed 144 

Distortion of CryBtals Discussed 144 

. Etched Figures Discussed I4S 

Fixed Forma Defined 24 

Ground-Form Defined 13 

Habit (Crystal) Defined 143 

Habit (Prismatic) Defined 143 

Habll, (Tabular) Defined 143 

Hemihedral and Holohedral Forms of Same Shapes, Dis- 

tii ction Between 35 

Hemihedral Forme Defined 17 

Hemimorphio Crystals Defined 17 

Hemimorphic Forms, Namii^ of 70 

. Holohedral Forma Defined 17 

Interchangeable Symmetry Planes and Ax« D^ned: . . 8 

Interfaciai Angle Defined 8 

Interpenetration Twin Defined 131 

Law Governing Combination of Forms 36 

Iaw of Aires 16 

Law of Rationality of Parameters 16 

Law of Rationality or Irrationality of Ratios Between 

Unit Axial Lengths 47 

Tjnii tiFfcg Forms Discussed • • - . ^ - 28 

Mechanical Distortion Discussed 144 

Mineral, Definition of 1 

Minerals, Structure of 1 

Molecules, Properties of 1 

Multiple Twin Defined 132 

Number of Forms on a Crystal, Determination of the. . 25 

Octant Defined 19 

Oriented Crystals, Definition of Term 18 

Origin Defined 12 

Oscillatory Twin Defined 132 

Parallelism of Growth and Twinning Differottiated 137 

Parallelism of Growth Discussed 137 

Parameter Defined 16 

Plane of Union Defined 129 

Principal Symmetry Axis Defined 8 

Principal Symmetry Plane Defined 7 
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Prismatic Habit Defined 143 

Prominent CrysUlli^Mphic Directiooa Defined 114 

Repetition of Forma on a Crystal Discussed 2S 

Replaced Edgee and Comen Defined 9 

Secondary Synunetry Aids Defined 8 

Secondary Symmetry Plane Defined 8 

StriatioUB Defined X38 

Striations Produced by Inta^erence Diacusaed 142 

Striationa Produced by Oacillation of FacM DiacuseedA- 138 

Striationa Produced by Oscillatory Twinning Diacuaaed 141 

Structure, Definition of Amorphous ■v 2 

Structure, Definition of Cryatalline 2 

Suppressed Faces Defined 14S 

Symbol Defined 1$ 

Symbols of Hemibedral Ftvma 32 

Symbols of Tetartohedral Forma 78 

Symmetry Arna Defined 7 

Symmetry Plane Defined 6, 146 

System (Crystal) Defined 10 

Systems (Cryatal) Listed 11, 160 

Tabular Habit Defined 143 

Tetartohedral Forma Defined 17 

Triangle of Fiwma Discussed 26 

Trian^e of Forms, Utilisation of 27 

Tnmcated Edges and ComerH Defined 

Twin (Contact) Defined 130 

Twin (CycUc) Defined 133 

Twin Drfned 128 

Twia anterpenetration) Defined 131 

Twin (Multiple) Defined 132 

Twin (OsciUatory) Defined 132 

Tirinning Axis Defined 129 

Tirinning Plane Defined 129 

Twinning Planes, Possible and Imposoble 129, 135 

Unit-Axial Lei^tha Defined 14 

Unit-FOTm Defined 13 

Variable Fwma Defined 24 

Vicinal Forma Discussed 148 

Zonal Axis Defined 9 

Zone Defined 9 
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